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CONTINUOUS 
AND 


BATCH Kitna. 


for processing various materials, pre-heating, etc. 


The continuous kilns are ideally 
suited for calcining ores, petroleum 
coke, and crystalline chemical 
salts, nodulizing ores, applying 
ceramic coatings to granulated 
materials and performing a 
variety of other oxidizing and 
mildly reducing operations. 
Temperatures to 2900°F. The 
batch kilns, flame heated through a 
port in one end of the cylinder, 
are widely used for pre-heating 
charges for electric furnaces, 

and other heating, drying and 
pre-heating services. Temperatures 
to 1900° F. Our complete 
laboratory facilities are available 
to help you improve old, 

or develop new techniques and 
processes. Let us work with 


you on your next project! 


Bulletin No. 118 gives full details. 
Send for a copy today. 


Batch Rot Kiln for 
Standard Batch Kil Complete Except for Blectric 
the Fuel-Burning Equipment. and Equipment Patented. 


Materials Processing and Handling Division 


THE c. GO. BARTLETT & SNOW CO. 
6170 HARVARD AVENUE © CLEVELAND 5S, OHIO 


NEW YORK * CHICAGO * DETROIT * BUFFALO * PHILADELPHIA 
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Letters—Advocates of listing academic titles after 
your name, and adopting metrics. 


Under the deadline 
Scope—Chemical industry research seen at $1 billion 
by 1970 . . . More corporate $$ for higher education 
. Big producers betting on maleic, fumaric. 


New horizons in heat transfer 


What they're saying—G. B. Warren, presidert of 
ASME, reviews progress in heat transfer. 


Chemotherapy—new word in cancer research 
Trends—More than $20 million spent annually in the 
U. S. in testing chemical compounds for cancer. 


Corporate giving—A first step 
Opinion & Comment—Let's put first things first and 
make sure we as businessmen support our educational 
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Special CEP feature Heat Transfer 

Heat and Mass Transfer analogy— 

an appraisal using plant scale data 
J. F. Revilock, D. Q. Kern, H. Z. Hurlburt, D. R. 
Brake & E. G. Lang—A large scale plant analysis of 
the Colburn and Hougen analogy. 


Organization of heat exchange programs 

on digital computers 
J. J. Taborek—Solution of various types of practical 
heat exchanger problems. 


The effect of electrolytic gas evolution on heat transfer 
F. O. Mixon, Jr., Wan Yong Chon, & K. O. Beatty, 
Jr.—Better control of the variables involved in indus- 
trial heat transfer. 


Heat transfer in agitated kettles 
G. Brooks & G. J. Su—Study of kinetics in scale model 
baffled tanks. 
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COST CUTTERS 


Another record from more than 10,000 


Probiem: 


Waste steam, venting to the atmos- 
phere from a scrubber in which caustic 
soda was used to recover dichloro- 
phenol, contained sufficient caustic 
spray to injure personnel and damage 
equipment. 


Solution: 

Upon the recommendation of York 
engineers, a 6” thick Mone! York 
Demister was installed and the pre- 
vious difficulty was removed entirely. 


Your process operations can also be 

"* improved by proper use of York Dem- 

isters. Send us details on your appli- 

cations and our engineers will be glad 

to give their carefully considered re- 
mendations. 


Write for Case Study 1008 ond 
Now 


YORK . 
c. DEMISTERS 


MANUFACTURERS (Mist Eiiminators - Entrainment Separators) 


FLUID SEPARATION ENGINEERS 
West Orange, New Jersey 


York Demisters give excellent performance in: 

Distillation Equipment Vacuum Towers Knock- 

Out Drums Separator Vessels Steam Drums 

Gas Absorbers Scrubbers Evaporators 
For more information, turn te Date Service card, circle No. 115 
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Results: 
of caustic spray could be found even when the throughput capacity was 
« ; doubled. nnel difficulties and equipment damage were stopped completely, and 
rd -: there was saving in process cost due to lower caustic soda consumption. 
| 
OTTO H. YOR! 
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Novel method for determining nucleate boiling sites 
R. F. Gaertner & J. W. Westwater—A new counting 


technique which permits higher counts. 


Fluid mechanics and heat transfer in 

vertical falling film systems 
A. E. Dukler—Presents a study of flow and heat trans- 
fer in thin films. 


An Engineer-contractor looks at the pilot plant 
G.-B. Zimmerman & T. A. Dungan—Why and how 
the engineer-contractor should take part in the pilot 
plant stage of developing a process or plant. 


Scale-up of mixer-settiers 
A. D. Ryon, F. L. Daley, & R. S. Lowrie— Design of 
full scale plant without operacion of a pilot plant. 


Evolutionary operation: A program for 
optimizing plant operation 
T. L. Koehler—A sun.mary of the method of evolution- 
ary operation in manufacturing processes. 
Fluidized bed chlorination of ilmenite 
L. K. Doraiswamy, H. C. Bijawat, & M. V. Kunte— 
An investigation of the kinetics of the preferential 
chlorination of iron in a fluidized bed. 


Computer program abstracts 


Design of process heaters 
K. R. Wagner—Detailed analysis of the problems and 
methods involved in designing process heaters. 
San Francisco meeting in December 
Complete technical program and highlights. 
CEP Camera 
St. Paul meeting, UEC groundbreaking. 


The process design engineer 
E. E. Ludwig—A discussion of the qualifications and 


work entailed in process design engineering. 
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VIBROX PACKERS 


A rugged, mechanical packer, the 
Vibrox gets more of the material 
into the same size container . . . or 
the same amount into a smaller con- 
tainer. Users frequently report sav- 
ings up to 20% in container costs 
alone—and additional savings of 15 
to 33% in packing time. 
The hard-worki 


Vibrox 
no attention on the part of the 
operator. It operates continuously. 
packing the material down as the 
container fills. With a conveyor to 
carry the containers to and from 
the packer, the Vibrox makes a 
tough job easy—and economical. 


If you pack a bulk material—in 
boxes, cans, cartons, kegs, drums or 
barrels weighing up to 750 pounds— 
find out what a Vibrox Packer will 
do for you. For specific recommen- 
dations on your packing problems, 
send a description of the material, 
and data on the type and size of 
containers. You incur no obligation, 
of course. 


WRITE FOR A COPY OF BULLETIN 401 


For details on other Gump processing equip- 
ment, refer to your copy of Chemical En- 


gineering Cotalog. 


EQUIPMENT FOR THE PROCESS INDUSTRIES 


B.F. Gump Co. 


Engineers & Manutacturers Since 1872 
1311 S. Cicero Avenve + Chicago 50, Illinois 


For more information, circle Ne. 46 
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b> letters to the editor 


On academic titles, metric system 


The A.1.Ch.E. South Texas Section 
opinion survey (CEP, July 1959, pp. 
73-5) indicates considerable opposi- 
tion to the wider use of academic 
titles. Use of titles is one way of re- 
minding the public that scientists and 
engineers are university-trained pro- 
fessionals like physicians, lawyers, 
etc., hence this opposition is disap- 
pointing. It also appears paradoxical, 
since survey respondents seem dis- 
satisfied with their professional status, 
and with Institute efforts to improve 
it (cf. response to Questions 8, 9, and 
14, Table 2-B). 

Last year I the use of 
titles in of the American 
Chemical iety (Chem. Eng. News, 
Feb. 3, 1958, p.15; ibid., Sept. 29, 
1958, pp.80-1), for increasing the 
prestige of our profession. The ACS 
Council voted to recommend to the 
Board of Directors adoption of such 
tig (ibid., Oct. 27, 1958, p.73). 

ata from an ACS author survey, and 
the A.I.Ch.E. data compare as follows: 


No. or % ror % AGAINST 


ACS 416 60.0 40.0 
A.LCh.E. 490 29.4 60.8 
Details from the ACS opinion survey 
follow: 

No. ror No. AGAINST 


RESPONDENTS TITLES TITLES 
with doctorates 198 109 
without doctorates 52 57 
younger than 40 160 87 
over 40 90 79 
in industry 124 63 
elsewhere 126 108 


(data from ACS Council Committee 
on Publications—Serial Memo 1, Feb. 
1959). Granting that the ACS and 
A.L.Ch.E. samples differ in — im- 
ant respects, I believe main 
Uifference is that ACS members had 
iven the matter more thought by 
- tne ing it for quite some time. 
Proposals I submitted to A.I.Ch.E. 
and other engineering societies for the 
use of titles in publications were 
referred to the Engineers’ Council 
for Professional Development whose 
Committee on Recognition has placed 
the matter on its agenda. The eventual 
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written in the hope that ‘ 
members will give the use of titles 
serious consideration, and voice their 
thoughts on this proposal. 

Peter D. Mosxovrts, M.S., Chem.E. 
Rahway, New Jersey 


Metric system 


U.S.A.”? which ap on page 122 
of the April issue of Mechanical En- 


A gradual conversion to the metric 


system as oe wy Hough is a 
project which the ALCHE and each 
of its members should enthusiasti 


support. Such a conversion may we 
become an economic necessity in the 


years ahead as foreign competition 
with U.S. ind . in world 
and i continues to 


Davip D. BockMan 


Seattle, 

Washington 
Agreeing with Mr. Bockman on the 

importance of the question of metrics 

or not-metrics, CEP is pleased to re- 

print the letter from Hough which 

appeared in Mechanical Engineering 


Metric System in U.S.A.? 


Pursuant to the resolution adopted 
unanimously at the business session of 
the American Geophysical Union, on 
May 7, 1958 (AGU Transactions, 
esa 1958, p. 558), President Maurice 

wing appointed a “Committee on 
Adoption of the Metric System in the 
United States.” 

Bills for the compulsory of 
the metric system in the United St: tes 
have been more than once presented 
to Congress, but they failed, the prin- 
cipal reason being that the effective 
date proposed was entirely too soon 


after of the bill. An 
would undoubt 
work a severe hardship on the ad 
population not familiar with the 
metric system, and it would make ob- 
solete a prohibitive amount of every- 
day items of weights and measures. 
A solution would appear to be a bill 
to make the metric system the only 
official system of weights and measures 
in the United States, effectivo in not 
less than one generation, 33 years, 


iod, the Englis! 
System could be taught, but the 
emphasis would be completely re- 
versed from what it is today. 

A long transition would result in a 
smooth change. In a generation, most 
items of equipment involving weights 
and measures become ob- 
solete or worn out and replaced. Also, 
persons engaged in ions and 
trades the ‘En lish System 
exclusively 
retirement durin 
would be replaced by a new genera- 


interest in this matter. 
a of the questionnaire are 
available 


valuable help to the Committee. 
W. Hovcu 


Chairman, Committee for the 
of the Metric System in the U,; 
States, American Geophysical Union, 
Washington, D.C. 


CHEMICAL ENGINEERING PROGRESS, (Vol. 55, No. 10) 


: outcome, both in the ACS and ECPD, 

a is bound to depend largely on how 

: the members feel. The above is 

a I recommend that you reprint F. ter passage of the bill. Following 
W. Hough’s “Metric System in the this action by the Con the grade 

24 gin metric along with the English system 

| and, during the transition period, 

a could place more and more emphasis 

: on the metric system. By the end of 

oncrease. 

; tion thoroughly educated and trai 

a in the metric system. 

\ A questionnaire has been prepared 

—Eb. _, for the purpose of gathering statistical 

J information to indicate the degree of 

‘ The Executive Secretary, American 

7 Geophysical Union, 1515 Massachu- 

‘g setts Avenue, N.W., Washington 5, 

: D. C. A small effort on the part of 

" interested parties to complete and 

mail this questionnaire will be of in- 
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WHICH VALVE CLOSES FASTER? 


ideal for leakproof control of air, vacuum, steam, 


Unlike the many turns required to operate a needle 
valve, the Hydromatics FLO*BALL 715, shown on 
the right, closes instantly with a mere “% tum .. . 
positive action at flow pressures up to 3,000 psi 
with just a 4 inch-pound torque! And the arrow- 
shaped handle shows both open and closed positions 
at a glance. Exclusive FLO*BALL straight-thru 
design has 100% flow efficiency —more than double 
the flow of needle valves. 


The FLO*BALL costs no more than old fashioned screw-type valves! 


Hydromatics.,inc. 


LIVINGSTON, N. J. WYMAN 2-4900 « TWX =LIVINGSTON, N. J. 120 


Copyright 1959 Hydromatics, inc. 


Exceptional engineering employmen! opportunities — write todoy! 


water, fuels, oils, kerosene, alcohol, etc, the 
FLO*BALL features zero leakage, universal mount- 
ing, removable flanges, and all stainless steel 
construction. 

Write today for a complete catalog describing 
this valve and others for corrosive and cryogenic 
media. Also special designs for throttling flow control. 


- 


For more information, turn to Data Service card, circle No. 13 
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FLO-BALL 715 makes ne valves obsolete | 


Cast Iron Sections by National-U.S. 
Cool 400 tons of H.SO, per day 


largest 
phuric acid. ~ 

The 


sulphur is converted to SO2 in a sul- 

phur burner, and to SOs in a four-pass vana- 
dium pentoxide converter before delivery to 
an absorption tower for conversion into 
99.15% sulphuric acid. Diluted to 93%, the 
acid is cooled from about 250° to 90° F. in a 
heat exchanger comprised of National-US. 
Cast Iron Sections before delivery to stor- 
age tanks. 

National-U.S. Cast Iron Sections are used 
in most sulphuric acid plants because of their 
proved resistance to hot, concentrated H2S04; 
they are easily assembled in any stacking 
arrangement for the desired total transfer sur- 
internal and external surface contact for low 
cost and high operating efficiency. 
If you are interested in heat transfer appa- 
ratus for sulphuric acid production or pro- 
cessing, be sure to get in touch with— 


Above—National-U.S. Cast tron Cool- 
ing Sections are easily stacked into a 
unit of any required heat transfer area 
for sprayed, evaporative or submerged 
cooling requirements. 


Below—This finned internal design in. 
creases the surface area and assures 
proper turbulence for maximum ther- 
mal efficiency. 

Se.13 


Heat Transfer Division 


National. U.S. Radiator 


CORPORATION 


342 Madison Avenue * New York 17, New York 


For more information, turn te Date Service card, circle No. 118 
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B> about our authors 


Heat and Mass Transfer Analogy is 
the result of collaboration between 
five men. H. Z. Hurlburt, D. R. 
Brake and E. G. Lang directed the 
tests, while J. F. Revilock and D. Q. 
Kern correlated results. Revilock is 
manager, process equipment sales, at 
National Carbon, Cleveland, Ohio. 
Hurlburt is director of research at 
Stauffer Chemical, Houston, Texas. 
Brake is — engineer, and Lang 
assistant plant supervisor, at the same 
plant. Kern of D. Q. Kern Associates, 
is well known to the readers of CEP. 
J. J. Taborek (Organization of Heat 
Exchangers on Digital Computers) is 

in charge of the computer program 
developments for process equipment 
design, Phillips Petroleum, Bartlesville, 


Oklahoma. Taborek, who studied in 


Revilock Jen Su 


Europe, has a de in ME from the 
Institute of Technology in Dresden, 
Germany, and also taught thermody- 
namics at the same University. He has 
been in the United States since 1955. 
Gary Brooks and Gouq Jen Su (Heat 
Transfer in Baffled Jacketed 
Kettles) both hail from R 4 
gineerin of the Universi 
Eastman Kodak, in the Distillation 
Some of the interest in results of 
Heat Transfer, arises from the en- 
hanced rates of heat transfer. How- 
ever, K. O. Beatty points out, this was 


fundamental research program. Beaty 
is acting head of the 

sity of North Carolina. F. O. Mixon, 


continued on page 12 
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KERMAC NUCLEAR FUELS CORP. 
| Kermac’s new uranium mill makes its own ad 
sulphuric acid for leaching ores right at the 
af site, from molten recovery sulphur carried = ae 
from West Texas by insulated tank truck. es ice 
The acid plant, designed by Leonard Con- i +t ' 
struction Co., a Monsanto subsidiary, is the 
not a gadgeteering project, but mere- 
ae ly part of the mane. of a much larger 
a) 
: Chon Mixon Zimmerman 


Standard heat exchangers are suitable for a wide range 
of services, including heating, cooling, vaporizing and 
ia with the maximum usefulness in the smaller 


te of mechanical design and price offers 
many important advantages to the user. 

Savings may be realized in the user’s engineering time, 
due to ease in procurement, inspection of fabrication, 
checking drawings and construction details. 

In plant layout work, the size of the unit can be quickly 
established, and the complete information available 
allows exact de- 
tails to be fixed 
at once. 
Immediate de- 
livery on most 
units often re- 
sults in impor- 


— WELLS 


WARREN, PAL 


STANDARD HEAT 


Complete Guide 


to the selection of a standard 
SW Heat Exchanger is con- 
tained in Bulletin B-20. Write 


for your copy today 


ORPORATION 


tant savings, due to early completion of the projet 

Interchangeability allows reuse of the equipment in 

other services, and increases salvage value. 

Important cost savings are available to the user, due to 

economies in manufacture. 

Savings to the process industries, by heat exchanger 

standardization, are estimated at several million dollars 

annually. 

Struthers Wells has just issued a new bulletin, giving 

complete mechanical design and prices, covering a num- 

ber of standard sizes, to about 1200 square feet of sur- 

face, and in six principal types. 

Thermal design data are included in the bulletin, to 

allow the user to fix the size of the required unit, in 

various services. 

A large stock of standard exchangers allows immediate 

shipment, in most sizes. Equipment is available in carbon 
steel, also with non-ferrous tubes, and in 


stainless Types 304 and 316. 


STRUTHERS WELLS PRODUCTS 
PROCESSING EQUIPMENT DIVISION 


Vessels . . . Synthesis 
BONER DIVISION FORGE DIVISION 


Fer more information, turn te Dete Service card, circle No. 40 
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MILLIONS OF DOLLARS CAN BE SAVED 
EXCHANGERS 
a 
Heat Exchangers . . . Mixing ond Blending Units . . . Quick 
Opening Doors . . . Special Carbon and Alloy Processing 
BONERS for Power ond Heat Cronkshafts . . . Presure 
i . «+ High ond Low Pressure Vessels . . . Hydraulic Cylin- 
| Water Tube... Fire ders... Shaffing ... Straight- 
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these FREE GUIDES 
to 
IMPROVED FILTRATION 


Industrial Filter Paper Catalog No. 357 contains a com- 
parative chart of E-D Industrial Filter Papers, and offers 
valuable filter paper application guide for the proper filtration 
of scores of products including Alcoholic Beverages, Chemicals, 
Drugs, Foods, Oils, Paints, Petroleum Products ...and many 
others. If you are now using filter cloth for a clarifying filtra- 
tion, you should be saving money by using E-D filter paper 
over the cloth. 

Industrial Paper Sample book No. 459 contains actual samples 
of the filter papers discussed in the Industrial Filter Paper 
Catalog above. Standard Grade papers are carried in stock, 
readily available for prompt converting or shipment. 

These two guides offer valuable help. A note on your letterhead 
brings them to your desk. Write for your free copies NOW! 


THE EATON-DIKEMAN COMPANY 


Filtertown 
MOUNT HOLLY SPRINGS, PENNSYLVANIA 
“First with Filter Paper exclusively.” 


For more information, turn te Data Service cord, circle No. 120 


about our authors 
from page 10 


Jr. and Wan Yong Chon worked under 
him on the problem. 

Chon was taught electrochemistry 
at Seoul National University, and held 
a teaching fellowship at the University 
of Michigan. He is with Atomic Power 
Development Associates, Detroit, 
Michigan, and also finishing work on 
his doctorate. Mixon has completed 
his formal studies and is a research 
engineer in the Du Pont lab at Wil- 
mington, Delaware. Beatty has pub- 


His present activities include a con- 
tinuation of the work in boiling mech- 
anism. 

Another happy result of collabora- 
tion between teacher and student is 
Populations of Active Sites in Nucleate 
Boiling Heat Transfer. Richard F. 


Koehler Duckler Taborek 


Gaertner’s Ph. D. thesis, the work was 
conducted under J. W. Westwater 
at the University of Ilinois, where he 
is a member of the chemical engi- 


For more information, circle Ne. 51> 
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le 
ifs fluid flow, and smoke measurements. 
neering Department. Gaertner is now 
in the research lab of General Elec- 
$ 
tric, Schenectady, New York. 
i: "| A. E. Dukler (Fluid Mechanics and 
Heat Transfer in Vertical Falling 
; Film) is active both in the academic 
and commercial fields. A member of 
the Department of Chemical Engi- ; 
= the University of Houston, 
he is with a local consulting firm. 
Dukler’s research takes in the fold of 
fluid mechanics, and heat transfer 
during multiphase flow and in the area 
distillation. 
A. D. Ryon, F. L. Daley, and R. S. 
Lowrie, authors of Scale-up of Mixer 
Settlers feel that the principles in- 
volved, in addition to proven useful- 
ness in design of solvent extraction in 
uranium mills, should have — 
tion in the general field of 
extraction. Ryon has done much work 
ved in reactors, mainly solvent ex- ‘* 
traction, ion exchange and precipita- : 
continued on page 30 et 


SERVICE: aromatics 
to aspirin 


Benzene and Toluene currently pro- 
duced at Cosden Petroleum Corpora- 
tion's Big Spring, Texas refinery, so 
greatly exceed the purity requirements of 
the ASTM “Nitration Grade” specifica- 
tions, that these products are now being 
used directly in the manufacture of phar- 

maceuticals such as aspirin and cortisone. 


As integral parts of the UOP Rex- 
forming® and Udex® units at Big Spring, 
Western heat exchangers perform ar. um- 
portant service in the conservation and 
transfer of heat during the selective extrac- 
tion of these aromatic hydrocarbons. 


Heat Transfer requirements for petro- 
chemical processes present a worthwhile 
challenge, and Western will continue to ex- 
pand its sphere of influence in the petroleum 
industry's growing importance to chemical 
consumers. 
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Heat transfer, 


marginal notes 


air pollution control 


1959 Heat TRANSFER AND FLuIp 
Mecuanics INsTITUTE PREPRINTS OF 
Papers, Stanford University Press, 
248 pp., $7.50. 


by P. K. Baumgarien, 
research engineer, Engineering Dept., 
Wilmington, Delaware. 

The eighteen papers in this collection 
deal chiefly with nose cone and satel- 
lite problems, and with the flow of 
electrically conducting fluids in a 
magnetic field. Extreme conditions 
prevail: h nic speed at Mach 
10; a heres so thin that 
the molecules collide oftener with a 
speeding satellite than with each 
other; nose cones brightened to incan- 
descence aerodynamic friction; 
ionic and e mic plasmas in mag- 
netic fields, hinting at future develop- 
ment of controlled hydrogen fusion. 
The chemical engineer reading these 
papers stumbles on unfamiliar terms 
such as “Hartmann number”, “abla- 
tion” and “shock within shock” before 
getting his bearings. 

The titles of the five sections of this 
volume indicate the scope of the 
papers: (1) Rarified Gas Flows (2 
papers), (2) Magnetohydrodynamics 
(4 papers), (3) Fluid Mechanics and 
Heat Transfer (4 papers, chiefly deal- 
ing with nose cone problems), (4) 
Ablation, Mass Transfer, and Separa- 
tion (4 papers, again chiefly on nose 
cone or satellite problems), and (5) 
Novel Techniques and Ideas (4 pa- 


pers on thermod properties 
and _ interaction tween electrical 
fields and su ic streams). None 


of these papers deal with fluid flow 
and heat transfer in the sense that 
we may be most familiar with. Only 
occasionally do we find references to 
flow in pipes or correlations in terms 
of Nusselt and Reynolds number. 
Most of the heat transfer papers of 
interest to us earth-bound engineers 
were probably sent this year to the 
recent A.I,Ch.E.-A.S.M.E. 3rd Annual 
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Heat Transfer Conference at Storrs, 


Connecticut. 
be mentioned in 
i ion of shock 
tube measurements, R. W. Rotowski 
deals with stagnation point heat trans- 
fer in a partially ionized gas. He uses 
an enthalpy gradient as the driving 
force for heat flux in a case which is 
analogous to the heat transfer from a 
dissociating gas. This subject has been 
treated recently in the chemical engi- 
In another paper, 
S. Globe reports on the application of 
an axial magnetic field to the flow 
of mer in a pipe. The field re- 
sulted in the suppression of turbulence 
and increased the transition Reynolds 
number from 2000 to as high as 3600. 
An interesting method of surface 
tem ture measurement was re- 
ed by O. K. Tewfik and W. H. 
iedt. Local temperature was indicat- 
ed by the resistance of a painted-on 
film of platinum. The electrical leads 
were connected to this film by painted 
strips of silver. 
contents of this volume indi- 
cated that great strides are being made 
in attacking the heat transfer and fluid 
mechanics problems of the space en- 
gineer. Whether a chemical engineer 
will find interest in this collection will 
depend on his ability and willingness 
to translate the subject matter to his 
own field. 


Am Poitvtion Contror, W. L. 
Faith, John Wiley and Sons, Inc., 
New York, N. Y., (1959), 259 p., 
$8.50. 

Reviewed Vernon T. Stach, Jr., 

Roy F. Weston, Inc., Newton Square, 
Pa. 
This book an introduction to 
air pollution which can be enjoyed by 
anyone with a technical education. A 
familiarity of the reader with special- 
ized air pollution terms is not as- 
sumed. 


The problem is first defined in 


problem. 
chapters are devoted to smoke; dust, 
fumes, and mists; gases; odors; and 
automobile exhausts. Each chapter 
discusses sources of the particular 
problem, methods of making measure- 
ments, and abatement equipment pnd 
The last two chapftts are 

to air pollution surveys and 
the legal aspect of air pollution con- 
trol 


This book is an excellent first intro- 
duction to the general problem of air 
pollution. Each chapter is well refer- 
enced, which supplies added value as 
a starting point for literature searches. 


Frve Particle MEASUREMENT, Size, 
Surface and Pore Volume, Clyde Orr, 
fr. and J. M. Dallavalle, The Macmil- 

n Company, New York, N. Y., 
pp-, $10.50. 


Reviewed T. D. Heath, Ass't. 
Director of Westport Laboratories, 
Dorr-Oliver, Inc. 

This book is the most complete single 
volume now available on i 
measurement. It is recomme for 
all engineers who have problems in 
measuring the a surface, or the 
volume of icles. 
book is The 
first chapter (12 pages) designed 
to put the reader on a good operating 
foundation. It presents basic defini- 
tions, rules for selecting methods of 
measurement, and some fundamentals 
of particle size distribution. The next 
four chapters (120 pages) are devoted 
to the measurement of particle size 
by (1) microscopy and sieving, (2) 
sedimentation, (3) inertial tech- 
iques, and (4) radiation scattering 
and transmission. The following four 
chapters (123 pages) present the 
measurement of surface area by (1) 
ametry, (2) gas adsorption, (3) 
i uid-phase sorption, and (4) mis- 
ieise methods. The last chapter 
(13 pages) discusses the measure- 
ment pore size and pore-size 
distribution. 

A desirable feature of the book is 
the separation of each chapter into 
two sections wherever possible; one 
section being on and the other 
on Methods. Despite this separation, 
the book is more a textbook on particle 
size measurement than it is a manual 
of methods and operating procedures. 
Basically the book provides the reader 

continued on page 16 
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...the almost perfect heat exchanger 
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Laboratory control achieved with 


DESPATCH 


batch type Chemical Dryers 


LABORATORY OVENS in tem 
ature ranges 
850°F. equipped with accurate 
temperature controls, designed 
for work chamber uniformity. 
Available in all sizes, floor and 
bench models. Built for use with 
most liquids, gases and volatile 
solids to the specifications of 
the National Board of Fire 
Underwriters nd 


t 


PRODUCTION OVENS — batch type, tray, truck or 
monorail loading. These Despatch Ovens are 
constructed to provide reliable heat control 
throughout work chamber. — ped with same 
total instrumentation provi in laboratory 
ovens. Same work chamber uniformity guaran- 
teed. Extra heavy construction for maximum 
loading. Approved safety systems, electric or 
gas heated oil, steam or hot water systems 
available). All standard sizes shipped complete- 
ly assembled. For production baking, curing, 

ing, preheating investigate a Despatch Oven. 


Write today for complete specification bulletin or 
for our engineering representative. No obligation. 


DESPATCH OVEN COMPANY ceperiment 100 


611 S. E. Sth Street © Minneapolis, Minn. 


For more information, turn to Data Service card, circle No. 63 
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' upon the ease and 


marginal notes 

frm page 14 
with a good back in the funda- 
mentals of particle measurements. An 
excellent bibliography (625 refer- 
ences) is included to facilitate de- 
tailed study of particular techniques. 

Faults of the book are only 
of omission, and these can easily be 
corrected in a future edition. The 
book is not a handy reference book 
for rapid evaluation of particular tech- 
niques or methods. The subject index 
of the book is woefully incomplete 
so that it is difficult to find subjects 
of special interest. The Coulter Count- 
er, for example, which is described 
in an unexpected section of the book, 
is not listed in the subject index. 
Several size analysis methods includ- 
ing the Haultain Infrasizer, the Bahco 
Centrifugal Classifier, and the Sedi- 
mentation - Decantation Technique 
have been omitted. Many readers will 
wish for more detailed evaluation of 
commercially available apparatus such 
as the Sharples Micromerograph and 
the Coulter Counter. 

Despite its few faults, this book will 
be a welcome addition to the library 
of an engineer or company to whom 
particle measurement is a recurring 
problem. 


Wepinc or Prastics, J. Alex Neu- 
mann and Frank J. Bockhoff, Reinhold 
Publishing Corp., New York, N. Y., 
279 pages, $7.25. 

Reviewed by F. X. Gigliotti, Mon- 
santo Chemical Company, Plastics 
Division, Springfield Mass. 

The use of an engineering material 
of construction is ti hly dependent 

of fab- 
rication. Among the most important of 
these techniques is the method of 

is a com 

treatise of the welding method of 
joining products made from thermo- 
plastic materials with particular em- 
design and shop practices. 

B to a large extent upon Euro- 
pean experience, particularly with 
polyvinylchloride and polyethlene, 


are outlined and illustrated hot- 
gas, heated-tool, and friction weld- 
ing. As the authors observe, the weld- 
ing of thermoplastics has much in 
common with welding of metals, 
and a natural extension of theory and 
practice (including such prosaic items 
as symbols) is in order. 
tok 

those involved in the ign and 
fabrication of specialized corrosion 
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| resistant equipment, will find this 
helpful. 


‘£/MCOBEL 


The Eimco Corporation is proud to announce the EimcoBelt filter 
. @n important achievement in the science of liquid- 
solids separation through continuous vacuum filtration. 


EimcoBelt is a perfected continuous belt drum filter. 
It was developed in Eimco’s Research and Develop- 
ment Center at Palatine, Illinois, in cooperation 
with Eimco design engineers at the factory, 
who worked for more than six years with a 
budget of over a million dollars to create, 
field test, and perfect this revolutionary 
new filter. 


The EimcoBelt, equipped with cloth 

or metallic medium, eliminates blind- 
ing. The medium is removed from the 
drum every filter cycle for cake discharge 
and cloth cleaning. 


¢ Thin cakes are easily discharged. 

© High vacuums, and high cake washing 
efficiencies, are maintained. 

© Capacities are greatly increased, permitting, in 
many cases, the use of smaller filters for the re- 
quired tonnage. 

® Slurries with low density solids, which ordinarily re- 
quire thickening, can be filtered, and thickening reten- 
tion time eliminated. 

® Cloth change can be accomplished in less than 30 minutes. 


If you use filtration in any of your processing, let us show you the 
advantages of the EimcoBelt. Write for Bulletin F - 2053. 


ve FILTER DIVISION 
634 SOUTH 4TH WEST 

| B - 490 


For more information, turn te Data Service card, circle No. 103 
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PREVENT CONTAMINATION OF AIR OR GAS 


with the 


5% THE Ingersoll-Rand Axi-compressor, 
there’s no possibility of contaminating air 


' or gases with oil, because there is no lubricant 


in the compression chamber. The two helical 
rotors operate with close clearances—but they 
never touch each other and never touch the 
casing. Hence there’s no need for any inter- 
nal lubrication. 

The rotors are synchronized by timing 
gears, encased in a separate, oil-tight com- 
partment. Shaft seals between the compres- 
sion chamber and atmosphere are simple 
labyrinth type as standard, Positive, mechan- 
ical type seals are also available. This is just 
one of several basic advantages of the Axi- 
compressor for compression or vacuum serv- 
ice. Ask your Ingersoll-Rand representative 
for complete information, or send today for 
a copy of Bulletin 11,001A. 


Ingersoll-Rand 


1! Sreedway, New York 4, N. Y. 


PUMPS © CENTRIFUGAL & RECIPROCATING COMPRESSORS © DIESEL ENGINES © AIR & ELECTRIC TOOLS © TURBO BLOWERS © STEAM CONDENSERS 
For more information, turn te Data Service card, circle No. 68 
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compnessor 


advantages: 


* SPACE-SAVING, COMPACT DESIGN—can be 
installed on simple, low-cost foundations. 


* CLEAN, OIL-FREE AIR—no danger of contami- 
nation from lubricants. 


* SMOOTH, PULSATION-FREE COMPRESSION — 
no bulky air receivers required. 


OPERATES AT HIGHER MOTOR SPEEDS —can 
be direct driven without belts or gears. 


For more information, circle No. 
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BRIDGEPOR 


HEAT EXCHANG 
PIPING 


VAPORATO 


+ FRACTIONATING 


RS + CONDENSERS + DISTILLE | 


Bridgeport Tubes are made in more than 
50 metals and alloys — from aluminum 
to zirconium. Each is designed to meet 
specific needs in the Chemical and 
Petroleum Industries. And each tube is 
manufactured to the highest quality 
standards as set forth by the American 
Society for Testing Materials in 
their appropriate specifications. 
Economical corrosion control is only 
possible when the right tube alloys or 
combinations of alloys are used for 
specific media and operating conditions. 
17 Bridgeport T-Men* help you select the 
a most economical tube for your process! 
They will recommend the best alloy in 
brass, copper, aluminum, duplex or 
f special metals . . . all made to 
Bridgeport’s standards of high quality. 
For economical corrosion control in your 
production and processing system — 

* Technical Service Men 


| 
Bridgeport research and 
®@ quality control insures spec- 
ification quality materials. 
Bridgeport’s strategically 
located warehouse stocks 
and manufacturing facilities 


BRIDGEPORT BRASS COMPANY 


DGEPORT Condenser and 


Check this brief list for only a few of the properties and applications 
of BRIDGEPORT tubes — for positive corrosion control in the 
Chemical and Petroleum Industry. 


Inhibited Admiralty 30 (Copper, zinc, tin and arsenic*.) 
Resists corrosion by fresh, sea, treated and polluted waters, mild chlorine, low sulfur 
compounds and gases other than emmonia. Arsenic content inhibits dezincification. 
Inhibited Aluminum Brass 54 (Copper, zinc, aluminum and arsenic*.) 
Excellent corrosion resistance to fast-moving sea, fresh and polluted waters, chlorinated 
liquids, refrigerant gases other than ammonia. Arsenic content inhibits dezincification. 
Inhibited Muntz Metal 142 (Copper, zinc and arsenic.) 

Excellent resistance to most fresh waters, biofouling, low concentrations of chlorine, 
dezincification, sewage wastes and sulfur compounds. Resistance to sea water-corrosion 
approaches that of Admiralty. 

70-30 Cupro Nickel 531 (Copper, nickel, iron and manganese.) 

Best copper-base alloy for resisting general and impingement corrosion by sea water. 
Excellent resistance, with high strength at elevated temperatures, to fresh and boiler 
feed waters. Resists biofouling and slime accumulation at high water velocities. 


80-20 Cupro Nickel 520 (Copper, nickel, iron and manganese.) 
Physical and mechanical properties similar to those of 70-30 Cupro Nickel! 520, 
but higher resistance to biofouling and brackish waters. Applicable to handling 
boiler feed water heaters. 


90-10 Cupro | Nickel 511 and 512' (Copper, nickel and iron.) 

Corrosion 9 lly similar to 70-30 and 80-20 except when high temperature 
service requires their extra strength. Excellent for sugar evaporators. Use with caution 
when handling liquids and gases containing sulfur or sulfides. —'higher iron 

increases resistance to erosion corrosion from high velocity sea water. 

Deoxidized Copper (DHP) 105. (Copper and phosphorous.) 

Superior in heat transfer properties. Resists stress-corrosion cracking and low-temperature 
embrittlement. Handles refrigerants, except ammonia. Resists corrosion by steam, 
condensates, water, sugar solutions and alcoholic beverages. Applicable to heat 
exchangers, condensers, evaporators, distilling plants, refrigerating systems, 

sugar refining and paper making. 

Deoxidized Arsenical Copper 108 (Copper and arsenic.) 

Suitable for handling fresh waters. Heat resistance 150°C higher than electrolytic 
copper. Applicable to feed water heaters, fresh water condensers, chemical manufacture, 
meat packing, sugar refining and food processing. 

Inhibited Aluminum Bronze 53 (Copper, aluminum and arsenic.) 

High resistance to corrosion by fresh and sea waters, industrial refuse, sewage, 

air impingement at high velocities, steam and condensate. Superior resistance 

to corrosion by paper mill wastes. 

Muntz Metal 141 (Copper and zinc.) 

Handles inland fresh waters. Shows less resistance to dezincification than 

Arsenical Muntz 142, other properties are similar. 


Red Brass 85 (Copper and zinc.) 

Resists corrosion by water, steam, condensates and refrigerants other than ammonia. 
Withstands dezincification and low-temperature embrittlement. Satisfactorily inter- 
changeable with copper, it is suitable for such applications as circulating 

fresh water in oil refineries. 

Aluminum 3003-H14 

Superior in Heat Transfer properties. Resists stress corrosion cracking from most media. 
Excellent low temperature properties for handling refrigerants, including ammonia. 
Resists corrosion by dry steam, condensates, water, and acidic solutions. 


Aluminum 6061-T6 

Slightly better corrosion resistance than 3003-H14, and tougher. Better yield and 
tensile strength make it suitable for components and piping applications. 
Preferable for higher operating pressures. 

Titanium, Zirconium 

These special metals tubes are sometimes required for extreme corrosive 
conditions, or applications where contamination is a factor. Generally have 
superior strength and corrosion resistance at higher temperatures. 


*These are also available with antimony or phosphorus as a dezincification inhibitor. 
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For peak heat transfer savings and efficiency, 
Bridgeport Duplex Tubes are designed so that 
heat transfer properties actually exceed those 

of single-wall tubes of equal thickness of 
the metal with lower conductance. 


You can plan for many years of in-service 
life with BRIDGEPORT Duplex Conder-ser 
Tubes, Bridgeport Dupiex Tubes’ bimetal 
structure provides lasting protection against 
corrosion —- anc against combinations of 
corrosion, heat, pressure and vibration. 


And other advantages — Minimizing the deposition of film, dirt, rust and scale maintains 
peak thermal conductivity. Combining corrosion-resistant metals on the product side 
with copper-base alloys on the cooling water side assures peak corrosion protection. 


Among your benefits are: ¢ Smaller heat exchangers « Reduced power costs « Prolonged in-service life 


Tebe 


Mete! 


inevde Merai 


Air compressor after 
coolers (high pressure ) 


Insice Medio 
Coppe: or 


Air and condensate con- 


taining Carbon Dioxide 


Copper Alloys 


Amine coolers 


Salt water 


Steel or Aituminum 


Atuminum 


70-30 Cupro Nicke! 


Ammonia condenser Sea water and fresh water Low Carbor Stel Copper or 
Cepper Alloys 
Ammonia manufacture Ammonie liquid and gas —~S tor Steel 
opper Alloys 
Asunonia refrigeration Fresh water and sea water — Cx © or 
hi opper Alloys 
Benzoi condenser Sea water Low Carbon Steel Admiralty 
Benzol cooler Sea water Low Carbon Steel Admiralty 
Brine cooler = Sea water Low Carbon Stee! Cupro Nicke! 
Carbon dioxide manufacture x ‘ Cooling water Low Carbon Steel Copper 
Chemical condenser Sea water 304 Stainless Stee! Cupro N..ckel 
: 
Chemical coolers Chemical service and Sea water 304 Stainless Stee! Cupro Nickel 
Coke ammoaia liquor coolers Ammonia Liquor Cooling water Carbon Steel c 
and naphthalene opper Alloys 
Edible oil coolers (3 Edible oil City water Low Carbon Steel Copper 
Formaldehyde condenser Formaidehyde Fresh water Aluminum Copper 
Formaldehyde cocier water Formaldehyde Copper Aluminum 
Formaidehyde condenser (Formaldehyde and Cooling water 316 Stainiess Steel or 
formic acid opper Alloys 
Fuel of] heaters = Steam Fuel oil Copper Steel 
Gasoline condenser Gasoline Sea water Aluminum Admiralty 


Admiralty 


Low Carbon Steel 


Hydrocarbon condenser Sea water Low Carbon Steel Aluminum Brass 
4 
Hydrocarbon condenser and Sea water and Lew Carton Steel Admiralty, 
cooler fresh water Copper Alloys 
Lube oi! cooler Sea water Aluminuin Duronze IV 
Mercury rectifier Mercury C_oling water Low Carson Steel Copper 
Resin reactors ‘Resin Steam or cooling water Aluminum Admiralty 
Rubber chemicats : Copper Low Carbon Stee! 
Rubber chemicals _ Copper Alaminum 
Hot guses from fuse! Copper Low Carbon Steel 


Cooling water 


or 
opper Alloys 


Wy 
we Prodect or Equipmest Outside Medio 
Amine 
jure 
re, 
be a gen sulfide and con- 
taming re nia 


Bridgeport Makes “Specification” Quality 
in Sheet, Rod, Wire and Tube 


BRIDGEPORT laboratory research and 
quality control effectively produce high 
— Sheet, Rod, Wire and Tube. 

ientific metallurgical methods establish 
necessary chemical and physica! 
properties, and facilitate the production 
of those strong, tough metals that mean 
longer equipment service life with 
reduced product costs. 


BRIDGEPORT T-MEN* SERVICE 
Finding clues to costly equipment failures 
is the T-Men’s basic job — but they’d 
rather prevent such failures by helping 
with the scientific selection of metals and 
alloys for specific process requirements. 
They augment your own experience with 
Bridgeport’s extensive field and laboratory 
data on corrosion. You benefit by 
e Reduced maintenance and 
replacement costs. 
e Increased plant operating 
efficiency. 
Bridgeport Technical Service, as well as 
complete information on our “Corrosion 
Control” metals is available through your 
local Bridgeport Sales Office. A phone 
call or letter will bring our men and 
materials into immediate focus. 


* Technical Service Men 


TECHNICAL LITERATURE AVAILABLE 


For copies of Bridgeport Technical Publications 


pertinent to the heat exchange field, please 
write Dept. 5501. 


Plan — 12 pages. 

is transformi Zirconium, 
Columbium, or Tantalum from costly 
rarities to readily available materials in 
tube sheet, extruded or forged shapes. 


Bridgeport Special Metals wee 
how B 


Bridgeport Duplex Tubes 
— 24 pages. bes 
advantages of dual meta! 
tubes and tube sheets in 
solving difficult corrosion 
problems involving two 
corrosive media in heat 
transfer equipment. In- 
cludes design, installation 
data, table of typical 
applications. 


Condenser & Heat 
Exchanger Tube Handbook — 
162 pages. Covers installation or 
it of C or Heat 
Exchanger Tubes, helps you select the 
best alloys for efficient, econom 
low maintenance operation. 


BRIDGEPORT 


ADRIAN, MICHIGAN 

1450 East Beecher Street, COlfax 5-516) 
AKRON 7, OHIO 
364 W. Bowery Street, Blackstone 3-8106 
ATLANTA 8, GEORGIA 

800 Peachtree Street, TRinity 6-5797 


BATON ROUGE 8, LOUISIANA 
6453 Choctaw Drive, Elgin 7-9805 


BRIDGEPORT 2, CONNECTICUT 

30 Grand Street, EDison 4-1182, Ext. 527 
BUFFALO 15, NEW YORK 

3580 Harlem Road, ATwater 4010 
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808 Memorial Drive, UNiversity 4-9371 
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3453 W. 47th Place, LAfayette 3-2230 
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1423 E. McMillan Street, UNiversity 1-7790 
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DAYTON 20, OHIO 
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77 Lipan Street, CHerry 4-3308 


200 Federal Square Building, Glendale 4-9545 & 4-5557 


GREENSBORO, NORTH CAROLINA 
233 - Vo N. Greene Street, BRoadway 4-8483 
Cont 1A Bigelow 3-0044 
entral Avenue 
HOUSTON 27, TEXAS 
2815 Richmond oo MOhawk 7-9116 
INDIANAPOLIS, INDIANA 
South Holt Road, 4-246) 
KANSAS CITY 12, MISSOURI 
4638 J. C. Nichols Parkway, LOgan 1-7830 
@ LOS ANGELES 22, CALIFORNIA 
6500 E. Flotilla Street, RAymond 3-510! & PArkview 1-517! 
LOUISVILLE 7, KENTUCKY 
4016 Frankfort Avenue, TWinbrook 5-3478 
MEMPHIS 3, TENNESSEE 
648 Riverside Drive, JAckson 5-0347 
MIAMI (OPA LOCKA), FLORIDA 
14,000 N.W. 19th Avenue, MUrray 5-2114 
MILWAUKEE 10, WISCONSIN 
4608 W. Bu Burleigh Street, Hilltop 5-5654 
@ MINNEAPOLIS 15, MINNESOTA 
124 12th Avenue, South, FEdera! 9-7061 
@ NEW YORK, NEW YORK 
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918 E. Lycoming Street, JEfferson 3900 
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618 Swissvale Avenue, FRemont 1-285! 
@ PROVIDENCE 5, RHODE ISLAND 
177 Georgia Avenue, Williams 1-2100 
RICHMOND, VIRGINIA 
1521 Central National Bank Building, Milton 3-2710 
ROCKFORD, ILLINOIS 
401 East State Street, WOodiand 2-5589 
@ ST. LOUIS 3, MISSOURI 
2135 Delmar Bouleverd, CEntral 1-0076 
ST. PAUL 14, MINNESOTA 
2200 University Avenue, Midway 5-3909 
SAN DIEGO |, CALIFORNIA 
Room 505, 1122 4th Avenue, BElmont 4-727! 
@ SAN FRANCISCO 3, CALIFORNIA 
130 Potrero Avenue, UNderhil! 1-255! 
SEATTLE 4, WASHINGTON 
1000 Fourth Avenue South, MAin 4-2860 
SYRACUSE 3, NEW YORK 
112 DeWitt Street, GRanite 4-1094 
@ TAMPA 11, FLORIDA 
5605 South Westshore Boulevard, 67-6931 
TULSA, OKLAHOMA 
619 South Main Street, LUther 5-8838 
WASHINGTON 5, D.C. 
777 14th Street, N.W., Suite 427, Wyatt Bidg., 
EXecutive 3-7433 
WICHITA 16, 
3002 Sennett Street, MUrray 6-1105 


@ BRASS, COPPER AND ALUMINUM 
WAREHOUSE STOCKS 


dgeport BRIDGEPORT BRASS COMPANY 
co. BRIDGEPORT 2, CONNECTICUT 


Specialists in Metals from Aluminum to Zirconium 


28,500 -1- 9 
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| CEDAR RAPIDS, IOWA 
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DETROIT 38, MICHIGAN 

“ 15827 James Couzens Highwey, UNiversity 4-8032 

HEAT EXCHANGER 


Chemical industry research tab 
seen at $1 billion by 1970 


Private chemical research expendi- 
tures in the U.S. may well climb 
up to or even e $1 billion 
mark by 1970, said recently J. Peter 
Grace, president of W. R Grace, 
in an article prepared for the Jour- 
nal of Commerce. In spite of re- 
cession troubles in 1958, points out 
Grace, industrial research expendi- 
tures continued to soar. Outlay for 
1959 is expected to hit $600 mil- 
lion, an increase of $50 million over 
1957, he notes. According to Grace, 


the prime reason for this increase 
in research dollars is that the ac- 
cepted percentage of sales spent 
for research by the major compa- 
nies is also increasing. “In some 


chemical companies,” 
cluding our own, the 
budget already exceeds 4% of sales, 
while some pharmaceutical com- 


panies spend as much as 8-10% of 
sales.” 


In another trend to be watched 
for, predicted Grace, chemical com- 
panies will extend their basic posi- 
tion in the years just ahead, and 
will become more like petroleum 
companies. To even the score, more 
non-chemical companies will con- 
tinue to move into chemicals. As 
examples of the large scale inte- 
— we have only to look at 

such as Phillips Petroleum 

with its Chemical Division which 
makes polymers from leum 
by-products, and Esso Standard, 
which markets chemical specialty 
serene through its subsidiary, 
njay. Monsanto bought Lion Oil 
in 1955, and has expanded its - 
tion in agricultural 
while both Monsanto and Dow 


says, “in- 
research 


have acquired gas and oil reserves 
to protect their raw material posi- 
tion. 

With. the trend toward large- 
scale enterprises in the leum 
and chemical fields, businesses that 
run into hundreds of millions of 
dollars before they are off the 
. continued Grace, we should 
ook for more joint ventures to 
spread the financial and techno- 
logical risk. This trend, he thinks, 

1 be especially evident in the 
international field. Al- 
ready, several European firms are 
moving into the U.S. market, either 
jointly with American producers, 
or on their own. Dow-Badische 
(Badische-Anilin) and Moba 
(Monsanto-Bayer Farbenfabriken 
are now building plants in tke 
U.S., and Im Chemical In- 
dustries (En ) and Celanese 


Too much high-density 


have announced a joint venture in 
Shelby, North Carolina, to make 

lyester fibers. Montecatini (Italy) 
Ge an eleven million pound poly- 
propylene plant under construction 
in Neal, West Virginia, and Saint 
Gobain (France) recently unveiled 
plans to finance a new glass plant 
in Greenland, Tennessee. 

Finally, president Grace icts 
that expansion in new chemical 
plants, in the period 1960-1962, will 
move to a new high, reflecting cut- 
backs in spending during the past 
months. Certain chemi- 

s, formerly on the overcapacity 
list, have now become short due 
to cutbecks in capital spending 
while new demand increased. This 
factor, plus the vastly improved 
1959 earnings picture will, in his 
opinion, lead to another boom con- 
struction period in the near future. 


polyethylene 
“Markets for high-density polyethylene are glutted,” says the 


research department of Smith, Barney & Co. large b 
firm. “Industry consensus,” continues the report, “seems to 
that production this year of the high wos | 
50% of a capacity of 265 million pounds, 


be 


de is around 
t even at 20% 


of capacity there would be plenty of the material available.” 


Pipe fabrication know-how going to USSR 
An American-made plant for production of plastic Pipe will 
con- 


be shipped 
tract, approved by the 


complete plant, including extruders, 


to the Soviet Union by Omni Products. 


ent of Commerce, covers a 
, and dies. Capacity 


of the plant is said to be about 10,000 tons per Bo of piping, 


yment will be made in cash in American do 


ars. According 


pa 


MCA earlier this year against export to Russia 


chemical know- 


how and equipment, since the plant in question is for end use 


production o 


, and since the product is said to be slated for 


irrigation purposes rather than strategic or military use. 
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NEWS PLUS INTERPRETATION 


More corporate $$ for higher education 


A 23.5% increase in corporate aid 
to education over the two years 
from 1956 to 1958 is revealed by 
results of a recent survey of the 
country’s 1,500 largest ny? 
tions; the survey was carried out 
by the Council for Financial Aid 
to Education. Highest average gift 
per company was in the electrical 
machinery field, with 11 companies 
averaging $336,366 in education 
grants for 1958. In second place 
was the chemical industry, with 25 
companies averaging $247,371 each, 
followed by the tobacco industry, 
with 3 companies averaging $247,- 
353 each. 

“These increases were made dur- 
ing an ‘off profit’ year,” said F. H. 
of the Council, 
adding, is is encouraging evi- 
dence that the most alert business 
management in the world regards 
the financial support of higher edu- 
cation as of the first importance.” 

Unrestricted gifts far outweighed 
any other type of giving to colleges 
in 1958. This fact, according to 
CFAE, “indicated a statesmanship 
and thoughtfulness in corporate aid 
to colleges, and was one of the most 
encouraging finding of the survey.” 
Unrestricted gifts amounted to $16, 
619, 255, or 34.1% of the total of 
$48,771,277 given by 352 companies 
answering this of the question- 
naire. the designated grants, 
buildings and equipment com- 


manded the greatest return, ac- 
counting for nearly 17% of the total 
given. 


Other increases noted in the sur- 
vey were found in the rate of 
giving, and the amounts contrib- 
uted by individual companies. 
Twenty-eight companies during 
1958 contributed to education at 
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the rate of one percent or more of 
net income before taxes. This num- 
ber is twice that for the “one per- 
cent club” in the 1956 survey—a 
sizable jump, since the number of 
participants in the present ag 
increased by only one-quarter. Al- 
most twice as many companies are 
giving $100,000 or more to educa- 
tion—91 companies in 1958, as 
against 55 in 1956. 

Eight companies contributed de- 
spite saree losses in 1958. The 
establishment of corporate founda- 
tions helped 157 of the companies 
to maintain continuity of giving in 
spite of earning fluctuations, and 
one company, h its founda- 
tion, gave almost four times as 
much as it earned in 1958. 


From here and there 


Design, engineering, equipmen 
day edible oil plant for Iran has been assumed by 
Chemetron’s Girdler Process Division . . 


ton per 


Education received 28.4% of the 
corporate gift dollar contributed 
for all causes during 1958, accord- 
ing to 339 companies reporting 
their total p in the present 
survey. Thirty-three of these gave 
philanthropic budget to education. 

“This kind of voluntary support 
from corporations can haps 
make it unnecessary for the | Fed- 
eral Government to do much more 
in this field than it is now doing,” 
says Council president Sparks, “If 
every corporation did proportion- 
ately as well as these companies, 
we would be well along toward 
meeting the emergency in the fi- 
nancing of higher education in 
America.” 


t procurement for a 30 metric 


. Monsanto Argentina 


is installing facilities to produce polyvinyl chloride compounds 
at its plant in Zarate, near Buenos Aires . . . Koninklijke Zwavel- 
zuurfabrieken v/h Ketjen, N.V., Amsterdam, The Netherlands, 
will build a — for production of synthetic phenol, by-product 


will be anhy 


sodium sulfite . . . General Electric announces 


development of a new process for conversion of salt or brackish 
water. Claimed is decrease in overall resistance to heat flow 
through use of thin films of water for both evaporation and 
condensation . . . Major expansions at Union Carbide’s Seadrift 
and Texas City, Texas, polyethylene plants will add 170 million 


pounds per year to the company’s output of the high-pressure 
variety. 


EJC to study advisability of national engineering register 
On behalf of the National Science Foundation, Engineers Joint 
Council will undertake a complete study of the advisability of 


establishing a representative 


register of engineers as part of 


NSF's National Register of Scientific and Technical Personnel. 
Objective—“A full report to NSF on recommendations from the 
engineering profession, industry, and educators on the desira- 


bility, feasibility, and 
register. 


logy of a complete national 
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Big producers betting on maleic, fumaric 


Drastic price slash, effective in 
January, 1960, have been an- 
nounced by both Monsanto and 
Allied Chemical for maleic anhy- 
dride and fumaric acid, both basic 
ingredients in manufacture of poly- 
ester resins and alkyds. The price 
cuts, together with large construc- 
tion programs mapped out for bot’ 
intermediates, seem to indicate al- 
most unlimited faith in 
market demand. (Total U.S. 
duction of maleic is estimated by 
Monsanto at 65 million annual 
pounds, more than half of which 

joes into polyester resins, alkyd- 
Based paints, other hard resin sur- 
face coatings). 

Effective on 1960 contracts, Mon- 
santo’s new tank car price on 
maleic will be 22% cents/Ib., freight 
equalized. This represents a reduc- 
tion of approximately five cents 
under the current list price of 27% 
Construction will 

y, says the com , on 20 
million pounds of ca- 
pacity at its John F. Queeny Plant 
in St. Louis, which is now turning 
out 40 million pounds per year. 
Production in the added facilities 
is slated for the third quarter of 
1960. 

Allied Chemical’s National Ani- 
line Division will match Monsanto’s 
cut on maleic—announced prices, 
also effective in January, 1960, are 
23% cents for and tablets, 22% 
cents for the molten product, car- 
load quantities. In less than carload 
quantities, Allied’s new price will 
be 25 cents. 

In fumaric, Allied will erect new 
production facilities at Mounds- 
ville, West Virginia, scheduled to 
go on stream by June, 1960. The 


wing 


new facility, says Allied, will 
double its present fumaric capac- 
ity, and will add to previously 
announced construction already 
under way. 

The announcement of the new 
construction program is linked by 
‘Allied to price cuts similar to those 
simultaneously made public for 
maleic. Starting in January, car- 
load quantities will cost 22% cents, 


a cut of 4% cents. Less than car- 
load quantities will be priced at 
24% cents. Here, again, Monsanto 
has exactly matched the price re- 
ductions announced by Allied. Ac- 
cording to Monsanto, é& reductions 
should further stimulate the mount- 
ing interest in fumaric acid indi- 
cated by its increased use—a growth 
rate of about 15% annually during 
the last two years. 


New natural gas strikes in Italy 

In Northern Italy, new deposits are reported in the Po Valley 
at Spilambergo, near Modena, and at Brugherio and Cernusco 
sul Naviglio near Milan. In Southern Italy a new discovery has 
been made at Ferrandini, and in Sicily near Castelvetrano. 


Polycarbonate polymer patents pooled 


A cross-license 


tent agreement on polycarbonate polymers 


has been concluded between General Electric and Farben- 
fabriken Bayer (West Germany). The pooling of know-how on 
the new class of polymers, developed independently by the two 
companies, will be exploited by General Electric at a new plant 
now under construction near Mount Vernon, Indiana—production 
is slated for mid-1960. Coatings, fluids, elastomers, film, molding 
compounds, extrusion materials are expected to provide a grow- 
ing market for the polymers which are claimed to exhibit high 
impact strength, es dimensional stability, superior heat resis- 


tance, excellent e 


ectrical properties. 


Operation HAYSTAQ—automatic searching of 


chemical literature 


An imental computer program, HAYSTAQ, has been 
anized by the National Bureau of Standards and the Patent 
ce. Objectives: to determine the characteristics of large- 
scale information systems; to test search strategies; to test suit- 
ability of computer equipment for conducting the search; to 
provide a working basis for the construction of improved search 


systems. 


Solid fuel contract to National Research 


A Defense De 


ent research and development contract on 


high-energy solid propellant missile fuels has been awarded to 

National Research Corp. “The program involves certain vacuum 

ses, materials, and techniques which the company has 

m perfecting under its own sponsorship for more than a 
esearch. 


year,” says National R 
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b> what they’re saying 


New horizons in heat transfer 


Guienn B. Warren, President 
American Society of Mechanical 


Fngineers 


In a post-World 
the technological needs deficien- 
cies in my own com , we came up 
with an und i our two 

test deficiencies existed in the 

t transfer and metallurgical areas. 
We thought then that these two areas 
contai more limiting factors on 


cies. 
With respect to heat transfer at 
that time, we thought we needed 
additional information in connection 
with (1) electrical machine perform- 
ance, that is, increased and more uni- 
form heat dissipation; (2) increased 
knowledge in connection with power 
plant machinery, that is, with respect 
to beilers, superheaters, resu at- 
ers, condensers, feedwater ters, 
etc.; (3) cooling of internal combus- 
tion machinery, that is, automobiles, 
airplane engines, etc.; (4) heat trans- 
fer in connection with commercial 
and domestic refrigerators, stoves, air 


conditioners, etc.; and (5) in connec- 


tion with chemical in the 


fer requirements that were almost a 
whole order of magnitude or more 
in advance of what we had all been 
doing up to this time. 

ft machinery wor 
concepts for m were 
worked out which 
permitted a 50 to 100 percent in- 
crease in capability for a given frame 
size. New insulations were devel 
which permitted higher temperatures 
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and, hence, increased heat dissipation 
for any given ventilating system. 
Then, we began to a an old con- 


of cooling ny 
yy en either gas, or liqui 


through hollow electrical conductors, 
direct cooling we called it, which 
eliminated the dam to heat transfer 
that the electrical insulation itself had 
always been. In large turbine-genera- 
tors this has permitted an additional 
2 to almost 4 to 1 increase in the 
capability from given basic frame 
sizes . 


Then in power machinery, single 
plant boilers have increased 
easa maximum of some hundred 
thousand kilowatts twenty years ago, 
to 400,000 KW, and now even 500,- 
000 KW today. Higher steam pres- 
igh steam temperatures 
have multiplied the problems. The 
heat of evaporation has had to be put 
in at nearly 700°F, the superheat 
has had to be transmitted 
tubes to steam from 1000°F to 
1150°F in plants which are in opera- 
tion today. Steam pressures have gone 
from 1200 Ib./sq. in. of twenty years 
ago, to 4500 cal 5000 Ib./sq. in. in 
some cases today. Twenty-four hun- 
dred Ib./sq. in. is standard and 3500 
Ib./sq. in. will probably be more or 
less standard in another two years. 
Complicating this heat transfer 
lem, the feedwater in these new 
ilers has had to become 
pure to an unprecedented extent if it 
newer, tem ture, hi 
heat By rate, boiler go 
much more sensitive. Purity of feed- 
water is now measured in parts per 
billion, not parts per million as former- 
iy. and it must be treated with 
which leave no solid residue. 
The problems we have been talk- 
ing about, however, 
in man com to 
transfer in nuclear power reactors. 
Here, although I have few exact fig- 
ures, I am inclined to believe from 


what I do know that in some of these 
reactors the heat transfer rates must 
be three to five times what they have 
been in the highest rated fossil fuel 
boilers to date. In this connection, 
not only are i ferritic and 
austenitic materials involved, but new 
and exotic materials must frequently 
be used because of a whole new 
scientific concept, that is, “neutron 
economy”, a phrase and concept to- 
unknown a generation ago. 

If we look at the gas turbine, we 
find a whole host of new kinds of 
heat transfer problems: turbine wheel 
cooling, turbine bucket and nozzle 
cooling, combustion chamber liner 
cooling, regeneration of exhaust heat, 
ie., the putting of this heat back into 
the inlet compressed air on its way 
to the combustion chambers to save 
fuel, and compressor intercooling. In 
the gas turbine, all of these 
must transfer fantastic quantities of 


else the 
self is defeated. 
On the airplane 
of these problems 
some cases we are coolin 
wheels, liners, nozzles, buc 
with 700°F to 800°F air, 
we drive these 


weight and high strength are very 
important. In some cases, gears must 
be run at fantastic temperatures, 
speeds, outputs, and with fantastic 


lubricants. 
continued on page 28 
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our technological development 
than any other, and that furthermore 
we were more ill-equipped here to 

handle the advancing technological 
needs. Accordingly, steps were taken 
to begin to overcome these deficien- 

heat, usually from gas to gas, wi 
but small temperature and pressure 
differences and with counter flow, or 
ansfer it- 
ne, many 
acute. In 
turbine 
_ chemical and petroleum industries. kets, etc. 
In general, however, all of these and then 
| needs were characterized by relatively so fast 
| low rates of heat poner bow in the that cooling problems develop in the 
| evaporative parts of large marine Pay 2 I further, we must cool 
| power boilers was there apparent need the lubricating oil by the fuel going 
for fairly high rates of heat transfer. . . to the gas turbine. We must also 

Within a few years however, the develop air conditioning systems light 
explosive needs of new technology in weight and tremendous in capa- 
demanded consideration of heat trans- bility to meet these problems. 

With respect to new rocket tech- 
nology, we must handle oxidizers at 
many hundreds of degrees below zero, 

| while combustion temperatures must 

be measured in the thousands. Light 


Stainless steel 
Drybex linit fur Atormoc 
Energy installation 


Size #10 Sulphur Burner 1! 
AS.M.E. jacketed Melter, 
External Valve Mechanism, 
Gas & Air Manifolds. 
SOURCE FOR ALL 


PROCESS EQUIPMENT 


For better coordination of an expansion or replacement 

program, Acme offers a complete orgarization for design, 

engineering and fabrication. Capable of complete 

responsibility, Acme also welcomes the opportunity of 

. collaborating with engineering consultants or company 
engineering staffs. Our modern fabrication 
Making Machine. facilities are available for construc- 


tion of a single unit or an entire plant. 


Write for Catalog PG-60: 4s races 


INCLUDING VALUABLE HEAT EXCHANGE DATA. 
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G- F Supplied the 3 answer 
with these large Vallez 


Rotating Leaf Pressure Filters 


These large Vallez Rotating Leaf Pressure 
Filters were designed especially for the new 
Phillips Chemical Company polyethylene 
plant at Adams Terminal, Texas. 

These filters are supplied with a special 
steam jacket to keep the contents hot and are 
designed to operate at 160 psig. Special em- 
phasis was given throughout the designing and 
fabrication of these filters to handle a hot 
inflammable liquid under high pressure safely. 
This is typical of G-B engineering know-how. 

G-B Engineers are at your service to discuss 
your processing problems without cost or 
obligation. 


 BOSLIN-BIRMINGHAM 


MANUFACTURING CO. INC. 
BIRMINGHAM, ALABAMA 


FILTERS «© EVAPORATORS 
PROCESS EQUIPMENT 
CONTRACT MANUFACTURING 


including HEAVY CASTINGS 


For more information, turn te Data Service card, circle No. 11 
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Heat transfer 
from page 26 


problems, man in 
dissipation of heat deans eat sate 
all pose new problems of heat trans- 
fer 
ago. 
The growth of air 
corollary teat tom 
and the need for heat storage w 
must be used with this if it is to be an 
economical electrical load for the pub- 
lic utilities in domestic and commer- 
cial heating, posed new problems. 
The air conditioning of motor cars 
with the low-cost, low-power absorb- 


although I must ess at the mo- 
ment I do not know the details. 
There are two new areas of tech- 
nology that may make new and dif- 
ferent demands on the science of heat 
transfer. I am referring in the first 
place to the growing awareness of a 
need for a low-cost means of produc- 
ing fresh water from salt. Many proc- 
esses are under study, but I suspect 


that the multip evaporative 
process will have quite wide applica- 
tion. Here we to be able to do 


the job for lower cost than by any of 
the present available schemes. 

The second has to do with the prob- 
able use of H-bombs in underground 
= out of lean oft bear. 
ing rocks , etc. These will 


in many areas emphasis, 
place of the 
supplement these, on the appli 
and design areas of this 

changing field of technology. 


Excerpted from an address at the 
1959 ASME—A.I.Ch.E. Heat Trans- 


se 


liquid under high 
pressure safely 
3 
: p 4 
; mean new and altogether different 
concepts of heat transfer 
ably any that we have ever be- 
is tha 
has 
growt 
a expan 
Scienc 
is bei: 
ing t 
these 
could 
fer Conference and Exhibit; Univ. of 
Conn., Storrs, Conn., August 9-12, 
1959. 


and Crystallization 


| 


Insert detail of 
Vogt Spring Type Scraper. 


... And Here’s How: 


1. Rotating scraper action continuously 
sweeps surfaces clean even while 
processing highly adhesive materials. 

2. Uniform rate of heat transfer keeps 
crystallization under control and dis- 
charges crystals as a slurry. 


3. Product is thoroughly mixed by 
scraper blades as it flows. 

4. Closed, pressure-type system permits 
use of flammable, volatile and ex- 
pensive solvents with complete safety 
and no solvent loss. 


5. Units fabricated from a broad range 
of materials to suit process stream 


Write for Literature. Address Dept. 24A-X CEP 


Paratone & Solids Sulfur-Oil Mix 


Caustic Potash Phenolic Resins Sulphate Solution 
Clay Polyester Liqu'‘c Tall Oil-Naphtha-Sulfuric 
Cylinder Stock Pressed Disti!:ate Acid Solutions 


Para-Dichlorbenzene Reduced Petroleum Tetrachlioro Benzene 
Fatty Acid Solutions Waxy Oil-Solvent Mix Viscose 
Fish Oil Soybean Oil Wax Slurry 
Linseed Oil Sperm Oil 


Fer more information, turn te Date Service card, circle Ne. 42 
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Heat Transt 
face unit for production 
of Para-Xyleme by frac- 
05 
Listed here is a wide variety iety 0 ‘materials ich have heen cuccessfully d with 
 Scraped Surface Exchangers in the chemical, petro ical, petroleum and related inde 
Benzene Hexachloride Naphthalene Sugar Syrup 
Caustic Soda 
_ 
HENRY VOGT MACHINE CO. Ai 


p> about our authors 


from page 12 


tion. All three men are at Oak Ridge 
National Laboratory, Tennessee. 


ation—a program for Plant 
Operation) is head the statistical 
analysis section at American Cyanamid 
Bound Brook, N.J., where the experi- 
ment in Evolutionary Operation took 
anamid has been 
application of modern concepts 
of aiiicknehtal statistics to research, 
development and, in particular, 
ess improvement. In addition to old. 
ing this post, Koehler teaches in the 
Graduate School of Statistics at Rut- 


Today’s rapid strides in the technology of process- 
ing plant operation make it essential for a manu- 
facturer of equipment to be “staffed up” with people 
who have had extensive training and experience. 
More than half our staff have spent a major part 
of their working life in this one field and have 
played a major role in the design and fabrication 
of many types of processing equipment. They know 
the limitations and workability of all metals and 
how to get maximum service from each. This accu- 
mulated knowledge of base materials and our 
extensive experience in design and fabrication 
means practical, trouble-free equipment at the low- 
est possible cost. 

It is impossible, in a field requiring such wide diver- 
sification, to illustrate, or even list, all the products 
we have been called upon to supply. The reboiler 
above is simply one among thousands. 


Call on us the next time you need equipment. We are 
Sully qualified to design and fabricate to all codes. 


went on stream at Pocatello, Idaho. 
The 400 ton day unit of J. R. Simplot 


MANNING & LEWIS 

ENGINEERING COMPANY 

28-42 Ogden Street, Newark,New Jersey | “ut "This'in boos manu. 

facture of phosphate fertilizers. 


Deot. B 
OESIGNERS & MANUFACTURERS OF QUALITY HEAT EXCHANGE EQUIPMENT 


For more information, turn te Data Service card, circle No. 35 
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MANNING & LEWIS 
T. L. Koehler, Jr. (Evolutionary Oper- 
ASME. code fora well known Texas 
L. K. Doraiswamy, H. C. Bijawat, and 
M. V. Kunte (Fluidized Bed Chlori- 
nation of Ilmenite) were associated 
; with the chemical engineering divi- 
sion of the National Chemical Labora- 
tory, Poona, India, when the work 
was done. All three are graduates of 
leading Indian Universities. Dorais- 
wamy and Bijawat also studied in the 
United States. 
G. B. Zimmerman and T. A. Dungan 
(An Engineer Contractor Looks at 
the Pilot Plant) wrote this article from 
experience at Bechtel Corp., in San 
Francisco, California. 
Construction is underway on a con- 
tact sulfuric acid plant at Nichols, 
Florida, for the Virginia-Carolina 
Chemical Corp. Elemental sulfur will 
be used as a raw material, Monsanto 
vanadium sulfuric acid catalyst. The 
acid will be used for additional 
duction of phosphate rocks, 
phoric acid fertilizers. Rated capacity 
of the unit is 500 tons daily. En- 
gineering is by Leonard Cuastruction. 
’ Another sulfuric acid plant just 
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solve your drying problems 


@ As drying engineers we constant strive to improve 
not only our design but also our methods of testing to eliminate 
guessing. After years of development, we have come up with the 
last word in laboratory test drying facilities. That is why increasing 
numbers of manufacturers are calling on the focilities and “know- 
how” of the Wyssmont drying laboratory to help solve drying prob- 
lems in connection with products that may be fragile, heat sensitive, 
oxidizable, toxic, hazardous or otherwise difficult to process. 
in our Wyssmont Test Dryer, illustrated above, optimum operating 
conditions such as material temperature, drymg temperature, dry- 


YSSMON 


COMPANY, 


ing rates, air velocities, turnover cycles are established. These tests 
cre further amplified by complete moisture analyses and other 
chemical and physical determinations. The data are translated into 
graphs, such as those shown here. 

Whether the problem involves drying only, solvent removal with re- 
covery, gas-solids reaction or purification by sublimation, the tests 
are exhaustive, the product analysis complete and accurate, the 
report and the conclusions objective. 


"For full information write to: 


DRYING & PROCESS ENGINEERS 


The Wyssmont TURBO-DRYER® is applicable to continuous DRYING 
with SOLVENT RECOVERY, continuous purification by SUBLIMATION, 
continveus SOLID-GAS REACTIONS, and COOLING. 


27-04-C Bridge Plaza South, Long Island City 1, N.Y. 


Representatives in principal cities 


In Great Britain; STURTEVANT ENGINEERING CO. LTD., LONDON EC 4 


For more information, turn te Date Service card, circle No. 121 
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» 


BATCH-MASTER* 
‘SUSPENDED 

CENTER-SLUNG 


MAXI-FPLEX* 


CONTINUOUS 


INUOUS FILTERS 


_(straper type) 


INC “con 
Custom Engineered 


@ VACUUM 
OR 
PRESSURE 
ROTARY DRUM 


@ HORIZONTAL 
TABLE 


@ PRECOAT 
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FILTERS 


VERTICAL LEAF 
MODELS in both 


horizontal and vertica! 
tank designs. 


BATCH-MISEe" 
horizontal! plate models for 
polish filtration and batch 
operations. 


MEET ASME Code 


Construction requirements 


NATURAL AND MAN-MADE 
FILTER MEDIA 


FEON Woven Textile Fiber Fabrics 


4. FEON Non-woven Textile Fiber Fabrics 
FEON Filter Papers by Rochester Paper Co. 
tailored fit 
equipment. 


Write for litereture. Please specify: TOLHURST .. . FE .. . NIAGARA . . . PEON 
DIVISIONS OF 


American Machine and Metals, Inc. 
EAST MOLINE, ILLINOIS 


For more information, turn te Data Service card, circle No. 24 
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Our testing team works for you 


Your requirements come first with our testing team. Working directly under our chief engineer, 
they check and double-check the fabrication work of our production crews. Your own men 
couldn’t do a more faithful job. Come and see for yourself. Or write for Bulletins HE and CI. 


For a close fit—Incoming tubes are always miked 
for exact size. Matching tube sheets are then reamed for 
a close fit that contributes to heat exchanger quality. 


in the dark—but not for long. Our own darkroom 
permits immediate developing of X-ray films... gives our 
inspector a fast check of weld structure and soundness. 


Downingtown Iron Works, Inc. 


106 Wallace Ave., Downingtown, Pennsylvania 
division of PRESSED STEEL TANK COMPANY Miwovukee 
Branch offices in principal cities 


ATE FABRICATION 
GASES, LIQUIDS AND SOLIDS 


MEAT EXCHANGERS—STEEL AND ALLOY 
as s Ff 


PL 
CONTAINE AND PRESSURE VESSEL OR 


 B | Tailored to size—Quality dictates precise tube hole 
diameter. Constant micrometer checking tells our inspec- 
tor that tube sheets are exactly right to meet your specs. 


Reply requested—Our inspectors get many prompt 
reports from our own testing lab. Here’s a tensile test 
on our own machine. It helps speed testing and inspection. 


Hack rey 


For more information, turn to Data Service card, circle No. 18 
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Chemistry —Spearhead of Cancer Research 


Chemotherapy, a relatively new word in the medical 
vocabulary, is assuming a more and more vital role 
in the fight against cancer. More than $20 million is 
_ being spent annually in the U.S. in testing chemical 
compounds for their action on cancer. Much of the 
program in this country is under the guidance of 
the Cancer Chemotherapy National Service Center, 
part of the National Public Health Service. In the 
screening program of the Service Center, about 
10,500 synthetic chemical compounds are said to 
have been tested in animals according to a standard 
ttern, and 126 of them found interesting enough 

r further study. 

Of the private and public organizations icipat- 
ing in the overall pA effort, 
first in the field, and perhaps today the most im- 
portant, is the Sloan-Kettering Institute for Cancer 
Research in New York. Sloan-Kettering alone is now 
reported to have tested more than 59,000 com- 
pounds. Of these only about a dozen have been 
useful in the clinic, and several hundred more are 
worth further study. These compounds fall into four 
chemical groups: 

1) Polyfunctional alkylating agents, related in ac- 
tion to the nitrogen mustards. Most widely used 
compounds of this are nitrogen mustard, chlor- 
ambucil, TEM, thio-TEPA, and busulfan (Myleran). 

2) Antimetabolites such as antifolics (Am 
terin), the purine analogues (6-mercaptopurine), 
and glutamine antagonists (azaserine). 

$3) Sex hormones, such as estrogens, androgens, 
and the adrenal steroids (cortisone). 

4) Miscellaneous, including actinomycins, colchi- 
cine, urethane. 

“It is extremely unlikely that any one drug will 
prove to be a panacea for all of cancer’ says 
Dr. C. Chester Stock, associate director of Sloan- 
Kettering. Rather, he thinks, as in the case of the 
so-called “wonder drugs,” a whole series of chemical 
compounds will be n . Behind this reasoning 
is the fact that normal body cells themselves present 
a wide m of differences. Therefore, it is 
logical to suppose that diseased or cancerous cells 
will be of many different types. In fact, points out 
Stock, the biggest problem of all is the very small 
difference between normal and cancerous cells. 
There is not presently known to exist any single 
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characteristic of all cancer cells which could serve to 
distinguish them from all normal cells. Prime objec- 
tive here is to find some “exploitable” difference as 
a basis for tests and for development of specific 
chemical agents for clinical use. 

“A vital part of the work,” says Stock, “is the 
search, not only for new compounds, but for new 
methods and procedures for testing and evalution.” 
This is being carried out with the cooperation of a 
large number of clinical testing centers at public, 
private, and university hospitals. During the last few 
years, according to Stock, Congressional grants and 
other sources have provided ample funds to carry 
on the work. The real shortage now is adequately 
trained personnel. This, however, is expected to be 
brought quickly under control by present training 
programs. 

Liaison with groups in other countries working on 
the same problem is maintained both by the National 
Service Center and by Sloan-Kettering and other 
private research organizations. 


What causes cancer? 
Is it increasing? Is it contagious? 


Interesting speculations. In the first place, with 
the large number of infectious diseases which have 
been virtually eliminated as serious threats during 
the last century, and the resulting increased — 

of human life, the tage of le w 
dhe of cancer has might 
almost wwf by default. In the second place, there is 
the possibility, points out Stock, that phenomena 
associated with of certain of these infec- 
tious diseases dente within the body substances 
= either destroy or inhibit the growth of cancer 
cells. 

While experts are reluctant to say that cancer as a 
whole is on the increase, they are statistically sure 
that lung cancer is definitely increasing at a terrify- 
ing rate. Why? Speculations include the effects of in- 
creased radiation levels, the evermounting use of 
antibiotics, cigarette smoking, atmospheric pollution, 
or more probably a combination of several factors. 

But, the battle goes on—and in the forefront are 
the searchers for new chemicals, one or more of 


which will one day unlock the door. 


October 1959 35 


ons 
. 


This metering pump has 


NO STUFFING BOX 


Lapp 
PULSAFEEDER ‘WW 


CONTROLLED-VOLUME 
CHEMICAL PUMP 


Prevents Costly 
Leakage and Contamination 


Lapp Pulsafeeder is a piston-diaphragm pump having a 
hydraulically balanced diaphragm and a closed hydraulic 
system. Its reciprocating piston action provides accuracy 
of positive displacement while the diaphragm isolates 
liquid being pumped from the pump’s working parts. 
Eliminates need for stuffing box or running seal .. . 
prevents product leakage and contamination. Maintenance 
costs, too, are reduced to next to nothing. There are 
practically no repairs or replacement parts. 

All Pulsafeeder pump parts contacting liquid are of 
special corrosion-resistant materials. Pumping speed is 
constant; variable flow results from variation in 
piston-stroke length, controlled manually by hand-wheel, 
or, in auto-pneumatic models, by instrument air pressure 
responding to any instrument-measurable processing 
variable. Pulsafeeder capacities range from 585 ML per 
hour up to 24 gpm maximum flow and pressures from 
minus atmospheric to 6800 psig. 


WRITE FOR BULLETIN 440 containing typical 
applications, flow charts, description and specifications 
of models of various capacities and con- 
structions and special leakage chart. 
Lapp Insulator Co., Inc., Process Equip- 
ment Division, 3713 Poplar St., Le Roy, 
New York. 


For more information, turn to Data Service card, circle No. 14 
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The days when a university consisted of Mark Hopkins on one end of 
Corporate giving a log with a pupil on the Be have long since a. Education today 
fi t st is more expensive than ever, and the student oF nye on one end of a 
—a Tirst step log with his teacher on the other end is probably chipping off samples for 
a carbon-l4 dating experiment. While the primary La of a teacher 
is still to reach a student’s mind, education now requires expensive research 
tools and facilities to aid the mind, once it is reached, to expand and to 
explore new paths. All this is hardly news, nor is it news that colleges 
need money or that American corporations in a uniquely American gesture 
are contributing huge sums to educational processes. How much this 
amounts to, though, may come as news to many people. 

According to the recent report of the Council for Financial Aid to 
Education, in 1958 almost $48,771,000 was given to the nation’s colleges 
and universities by three hundred fifty-two corporations. The good news 
about the survey is that, despite less favorable business conditions in 1958, 
the net trend of giving was up about 24% in a two-year period. It is a 
trend which is most encouraging, for it shows that the nation’s corporations 
affirm one of the most important reasons for America’s unique position in 
the world—wide and available education. 

The council extrapolated the data from the three hundred and fifty-two 
companies to conclude that all United States business concerns gave about 
$136,500,000 to education. We are particularly interested in the record of 
the chemical industry: twenty-five companies reporting gave well over 
$6,000,000 to education for a percentage of net income ore taxes of 
0.47. This is a reasonably high total in comparison to the donations of 
other groups. As a matter of fact, the only industrial groups ahead of the 
chemical firms were the transportation equipment (twenty-six companies 
with 0.93 percent), textiles (0.58 percent), and printing and publishing 
(0.85 percent). The lowest industrial group was tobacco, which gave only 
0.04 percent to education. The leaders in the chemical classification, six 
companies, gave to education 0.81 t of net income before taxes. 
One other fact ought to be reported for the chemical field—contrary to 
the general tendency, contributions in 1958 reflected the state of business, 
since they were down some 2.6 percent from those for 1956. 

Although business gifts are far below the total given by foundations and 
alumni groups, the trend is extremely encouraging. It points to a gradual 
realization that first things should be first. There is a great need for edu- 
cated men in all fields, not only in science and engineering. But today, of 
course, these last are preempting the nation’s attention; indeed the govern- 
ment’s generosity in giving away billions for scientific research led 
some experts to express doubt that there will be enough trained men to 
work on all the projects that could be financed. To get these men, education 
must be extended. Education needs support, and business in giving it is 
at the same time po ie - its dependence upon education. The new 
trend is, in a word, good business. 

FJ.V.A 
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METAL PALL RINGS OFFER 
SIMPLE, EFFECTIVE AND SUSTAINED 
CONTROL OF LIQUID ENTRAINMENT 


One of the least expensive, yet one of the most 
effective ways to minimize liquid entrainment 
is through the use of metal Pall Rings.* 

A dumped section of Pall Rings one or two sizes 
smaller than the rings in the bed will effectively 
capture the entrained liquid with negligible ef- 
fect on the pressure drop within the tower. Often 
a section no deeper than 6” will be adequate. 
Some commercial tray scrubbers employ but a 
few inches of packing to prevent carry-over. 
The unique shape of the Pall Ring, with its wall 
sections stamped and bent inward, offers these 
important advantages as a mist eliminator: 


1. Lowest pressure drop 

Freedom from fouling and plugging 

. More impingements per unit time 

. Maintained free space (95% or better) 

. High working velocities without 
re-entrainment 

6. Easy installation 


Metal Pall Rings are available in %”, 1”, 142” 
and 2” sizes in carbon steel, stainless steel, 
nickel, monel, inconel, titanium, copper and 
aluminum. 


w 


~ 


U. S. STONEWARE 


AKRON 9, OHIO 


@ Are you on our mailing list to receive new technical releases from 
our experimental laboratories on packed tower performance? If not, 
drop vs a note on your letterhead. No cost. No obligation. Address 
Dept. CEP-1059, The U. S. Stoneware Co., Akron 9, Ohio. 3 


*Pfannmulier, W., TRANS. INST'N. CHEM. ENGRS., Vol. 32, 1954, Supplement, pp.1 5! ff. 
Eckert, J. $., et al., CHEMICAL ENGINEERING PROCESS, Jon. 1958, pp. 70 ff. 1G 
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Photo courtesy Downington Iron Works, Inc. 


Energy and its use is one of the key- 
stones of engi . Its efficient uti- 
lization can mean difference be- 
tween failure and feasibility. Heat 
transfer is one method of in- 
terchange and conservation, the 
application of new heat transfer data 


engineering population. In the fore- 
front of this interest is the chemical 
jen for complicating his normal 

more efficient 
transfer methods is the fact that chem- 


28 pages of Heat Transfer! 
feature brings you 


FEATURE 


... hew concepts 

and methods in the 
chemical engineering 
practice of 


Heat ‘Transfer 


but a matter of heat transfer within 
narrow ranges of temperature and 
within certain rates or periods of time. 
This is why heat transfer will always 
be of extreme interest to chemical 
engineers, and wh are so avid 
for the Saieitinting cindy, and for the 
interpretation, of phenomena in math- 
ematical and scientific terms. Just re- 
cently, the chemical and the mechani- 
cal engineers together ranged over 
the whole subject of heat transfer at 
the Storrs, Connecticut, conference. 
The editors of Chemical Engineering 
Progress, aided by the Heat Transfer 
Division of A.I.Ch.E., especially Mario 
Cichelli, Papers Committee Chair- 
man, have selected from this confer- 
ence six of the newest and most prac- 
tical articles in the field. 

One of the triumphs of these con- 
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ferences is the constant use of experi- 
mental data to design and plan indus- 
trial installations—such is the first 
article on the application of a theoret- 


ical analogy to a complete plant. This 
then has become historic role 
of en ing meetings—a common 


for the interchange of experi- 
ences, where the men who must make 
the plants work meet and talk with 
those who are concerned with the 
basic mechanisms of engineering. As 
ax Jakob said in his second 
of E of Heat Transfer, “the 
subjects of converting and conve 
heat energy are of similar importance. 
This is true, but in the converting and 
conveying of the heat ener ray ther a is 
a vast army of engineers 


CEP’s annual 


up-to-date in this vital area 
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P 
to industrial practice is the devoted 
interest of a large segment of the 
narrow ranges of temperature. This 
means that for a chemical p:vucess, 
and for the chemical engineer de- 
signing or operating it, the commer- 
cial product is not merely a matter 
of over-all efficiency of heat transfer, 


SCALE-UP 


Heat and 
mass transfer analogy 
...an appraisal using plant scale data 


The Colburn & Hougen analysis 
established for designing apparatus 
to condense vapor from vapor- 
noncondensable gas mixtures — 
equipment having small inlet con- 
centrations of condensables — is 
also applicable to partial condens- 
ers and dephlegmators. 


T he Colburn and Hougen (6) meth- 
od establishes a basis for the com- 
putation of simultaneous heat and 
mass transfer and is our most power- 
ful tool for computing the rate of 
condensation of a vapor from a non- 
condensable gas. Since the publica- 
tion of the analogy twenty-five years 
ago (4), numerous papers (1, 2, 3, 5, 
8, 15, 16) have appeared endeavorin 
to refine or the time 
for the solution of condenser-cooler 
problems. The computer reduces the 
importance of time as a consideration 
in any of the methods. Based on the 
modification of Kern, Franks and 
O’Brien (7, 13) have published a 
gram for an analog computer whi 
requires but a few seconds for a com- 
plete solution. — computer pro- 
grams are presently also in use (11, 
12). No article, however, has ever 
verified the ision of the anal 
It is the object of this article to 
supply the results of such a study and 
to contribute to the appraisal of the 
analogy and its applicability to indus- 
trial design. 
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In a single tube it is simple to de- 
termine the average vapor-gas ve- 
locity at any point along the length 
of the tube, since all of the material 
is carried by the single tube. In a 
multiple-tube, single- heat ex- 
changer, the distribution of the mix- 
ture among the tubes may not be 

and will vary with the orienta- 
tion of the nozzles relative to the 
channels. When a group of exchang- 
ers is operated in parallel off the same 


tor of ual flow in each ex- 
with the method 
of manifolding. 

It is not surprising that there is a 
dearth of data verifying the analogy 
on a large scale. ile the use of 
such equipment as compressor inter- 
and after-coolers is widespread, the 
data obtained from them usually can- 
not be computed to provide conclu- 


J. PF. Revirock 

National Carbon Company Div., 
Union Carbide Corp., 

Cleveland, Ohio 

H. Z. Hurvsvrt, D. R. Brake, anno 
E. G. Lane 

Stauffer Chemical Company 
Consolidated Chemical Industries 
Div., Houston, Texas 

D. Q. Kean 

D. Q. Kern Associates, 

Cleveland, Ohio 


sions significant to the precision of the 
analogy. In most instances the vapor- 
gas mixture is circulated on the shell 
side rather than the tube side of a 
multipass condenser-cooler and it is 
not possible, by methods currently 
available, to set up the precise tem- 
perature differences between the va- 

-gas mixture and each water . 
Also, much of the equipment which 
has been designed on the basis of the 
analogy is employed for the 
vapor as possible. In such apparatus, 
there is frequently a very close ap- 

ch between the inlet temperature 
of the cooling medium and the outlet 
temperature of the vapor-noncondens- 
able gas. In such a case, an observa- 
tion error of a half degree or a degree 
in the counterflow outlet terminal 
temperature difference would repre- 
sent a substantial deviation from the 
values predicted by the analogy. 

In addition, there is always some 
discrepancy in closing the heat bal- 
ances in plant scale apparatus when 
dealing with hot diffusing gases on 
one side and cooling water on the 
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Figure 1. “Karbate’ heat ex- 
changer installed in a plant of 
Consolidated Chemical indus- 
tries Div., Stauffer Chemical Co. 
is shown at bottom. Cooler posi- 
tions run left to right. 


other. This discrepancy is usually 
much greater than anticipated due 
to difficulties in the measurements of 
temperature, pressure, and flow which 
must often be made at some distance 
from the apparatus and under the in- 
fluence servomechanism effects. 
Fortunately, impervious graphite has 
long been used for the condensation 
of vapors from various corrosive gases, 
and the vapor-gas mixture is circu- 
lated through the tubes to avoid cor- 
rosion to the steel shell. 
A battery of six 37-in. L.D. vertical 
counterflow exchangers, each having 
439 x 1% in. O.D. x % in. LD. Karbate 
tubes by 14 ft. long, are operated in 
parallel by Stauffer Chemical Co. to 
cool and dehumidify gases resulting 
from the combustion of acid sludge 
and spent alkylate H,SO,. The hot 
gases from the furnaces are immedi- 
ately quenched by adiabatic humidifi- 
cation with dilute H,SO, prior to en- 
tering the exchangers. During the 
tests described here the exchangers 
were operated with a relatively large, 
cold terminal temperature difference. 
continued 
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continued 


There has been prejudice in chemi- 
cal engineering practice toward the 
use of int te adiabatic quench- 
ing, since the total heat content of 
the resulting vapor-gas mixture re- 
mains unchanged while the tempera- 
ture at which the heat becomes avail- 
able is tly reduced. Through the 
alysis, it can be shown that, for a 
broad area of application, the heat 
transfer coefficient for a vapor-gas 
mixture may increase through ia- 
batic humidification at a much greater 
rate than the over-all temperature dif- 
ference decreases. Under low avail- 
able pressure drops of 3 to 5 in. 
H,O, a furnace a al 1800°F can be 
cooled by sensible heat transfer to a 
temperature of 100°F with a coeffi- 
cient of about 2.0 Btu./(hr.) (sq. ft.) 
(°F). The same gas can be adiabati- 
cally humidified to a dew point of 
175 to 165°F and the mixture cooled 
and condensed to 100°F with a va- 
por-gas coefficient of 75 to 85 Btu./ 
(hr.) (sq. ft.) (°F). Only about a 
third as much surface will be required 
for the humidified gas. There ap 
to be countless instances in whi 
this use of combined heat and mass 
transfer merit additional investigation. 
Apparatus and Data 

In addition to the data 
given, the tubes of the exchangers 


were laid out on 1-35/64 in. triangu- 
lar pitch. The bundle contained six- 


is shown in Fi 2. Five exchangers 
was added later, account- 
try of the duct- 


tion. Flow on the tube side or shell 


as in 
Table 1, the numbers in the table in- 
dicati 


150°F, whereas the observed inlet gas 
temperature varied between 156 and 
157°F. However, visual examination 
of the coolers before and after clean- 
ing validated the computation. In nor- 
mal operation, the upper tube sheet 
and first several inches of the tubes 
showed selective signs of sulfur or 
dirt ition. This was attributed to 
the fact that the cooling surface, al- 
a lower temperature than 
the point of the mixture, was not 
flushed effectively by the condensate. 

but Item (6) of Table 2, were ob- 
tained from direct measurement. Item 
(6) was obtained stoichiometrically 
from an SO, balance on the system. 
Gas heat loads checked the water 
heat loads with a constant deviation 
of —8%. Computations of performance 
were carried out employing the defi- 


Table 1. Tests. 


Calculations and results 

Since the gas distribution among 
the individual parallel units was un- 
known, weighted outlet temperatures 
were used. The properties, such 
as the specific heats, viscosities, and 


cally 
teen 25%-cut ental baffles, equal- H,SO,. From the scrubber it 
ly spaced. Figure 1 is a photograph. to the coolers. The temperature of the conductivities were taken as being 
An outline drawing of the exchangers saturated gas have been constant at the average stream tem- 
4 
4 
J 439-778" 1.0. 
karbate tubes 
8'dia. condensate dia, hand hole 
outlet \ 37" 1,0, shel! 


24" dia’. gas outlet 


42 October 1959 


10" dia. water inlet 


Figure 2. Outline drawing of bundles. 


10" dia. water outiet 


24" dia. gas intet 
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work. While the furnace was operat 
at a substantial excess of full-scale 
capacity during the test period, varia- 
tions in the performance of the six 
exchangers were carried out to cause 
a minimum interference to a 
side of any exchanger could be com- 
—— cut off. Valves were not used 
throttling. To this extent the com- 
bination of shell and tube side condi- 
through which the total quantities of 
gas and water flowed. 
Runs 1, 3, and 4 represent varia- 
tions in the gas side velocities as well 
as the water flow velocities. Runs 2 
and 5 represent changes in the 
proach temperature through the de- No. or 
creased use of water. All tests, con- ee 
ducted during a 24-hour period, 
freshly cleaned equipment, and the 2 4 6 
data are a in Tables 2 3 4 4 
through 5. identities of Runs 1 4 5 5 
and 6 indicate that no deposition of 5 5 6 
dirt or sulfur occurred during the test. 6° 6 6 
All orifices and temperature measur- *° Normal operation. 
ing devices were calibrated before  ,, since this approach i 
and after the tests and found to be of 
constant. : luati 
The evaluating the analogy. 
dry basis was: 
SO,=8.9%, CO,=—13.9%, O,—2.2%, 
N,=75.0%. The hot gas entered a 
scrubber where it was presumably 
‘ 


ler the vapor gu Seu 


the were re 


heat loads were computed but other- 
"Ths changes tn the (5) Total GPM 

The changes in gas prop- water rate 
were computed on a weight basis for 7 mols 
all but the diffusivity of water vapor. (7) — pressure—Gas in, 
The diffusivity caleulated from (g) ont, HO 
the formula given (17). 

Since the was 

practically constant con to 
point, only a single value sary em- 
ployed throughout. 

The method of computation fol- 
lowed the trial-and-error, and graphi- 
cal integration outlined by Colburn 
and Hougen, employing the inlet and 
outlet conditions plus five intermedi- 
ate points for each run. No other as- 
sumptions or simplifications were 
that mixtures con- 
tained 6 to 7°F of superaezat. The 
equation for simultaneous heat and 
mass transfer employed was 

My A(py—Peo) 

=hy(To—tw)=U(Tg—tw) = (1) 
The connecting equation between 
heat and mass transfer made possible 
by the analogy was 

he (¢p/k)* 

= (2) 

CP (u/pka)® 
in which hg, the vapor-gas convection 
coefficient, was evaluated the 
equation of Sieder and Tate (14). The 
shell-side water coefficient was evalu- 
ated by the graph of Kern (9). The 
results are shown in Table 6. 


Conclusions 
While the scant prior data obtained * Cooler positions run from left to right at bottom of Figure 1. 
on a single tube indicated that the 
Colburn and Hougen analysis and 
calculation method were slightly on Table 6. Computed and actual clean performance. 
the conservative side, this is not borne ee 
out entirely by the large-scale tests. HeatLoap CompvTrep SuRFACE 
The computed surface proved to be Bru./mx. syC&H® AcruaL 
less than the surface actually used 30,800,000 11,826 12,050 
and required in each case. Since the 
gas side rate and heat balance were 29,300,000 9,500 10,040 
deficient by 8.0%, raising these to 30,000,000 9,660 10,040 
100% would eliminate some cf the * Lit. Cited (6), 
It is of greater concern that the 
higher the inlet velocity of the vapor- Table 7. Computed fouled performance. 
gas mixture, the greater the deviation. R, = 0.002 
Since the tests at the higher velocities Fouten Sunrace Dimty Computep Sunrace Ratio 
were carried out with pressure drops C&H PHT** C&H PHT C&H/acr. PHT/acr. 


of 1 i ’ 12,865 13,280 55.2 53.5 1.07 
only 12.2 in. and 13.0 in. H,O, 8508 8750 ~ 


respectively, there is an indication 8,524 8.630 70.8 

that a typical compressor-intercooler, 10,190 10,900 67.4 

expending as much as 1, 2, or 5 11,733 11,080 60.3 
continued 


Table 3. 
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SCALE-UP 
ranges T Overall data. 
Run No. 2 3 4 5 6 . 
(1) Gas temp., °F —-h 156 156 157 157 157 
(2) — Out 108 106 105 107 104 
83 84 85 85 86 
(See Table 3.) 
3094 3904 4237 3774 4516 
5090 4670 5050 5290 5290 
5-19.38 —19.2 —20.0 —20.0 —20.7 
i$ —31.5 —32.2 —28.7 —28.7 — 27.0 
ndividual exit gas temperatures, °F. ; 
1 2 3 4 5 6 4 
105 lll 107 106 109 106 
102 106 104 104 105 104 i 
101 - -_ 104 105 108 
101 107 104 103 103 
100 105 108 102 103 102 
Individual exit water temperatures, °F. 
1 2 3 4 5 6 
99.7 104.4 99.5 101.2 108.8 102.3 
99.0 1038.8 98.6 100.4 108.0 101.2 
9.0 — a 101.3 
100.0 — — 101.8 104.0 102.3 
97.0 100.8 97.0 98.2 100.5 99.0 
97.0 161.5 99.0 98.8 101.0 99.5 
5. individual water rates, GPM. 
1 2 8 4 5 6 
670 670 915 762 670 670 
692 692 953 802 707 707 ; 
749 898 782 782 
851 851 1116 942 833 833 
886 881 920 833 782 782 
1.09 
69.9 1.06 1.08 
63.0 1.01 1.09 
63.9 1.17 1.10 
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may introduce a 
All of the om 


doubtedly obtained 

Table 
here reflect 
tion of the mixture. throu 
of 

from 


drop, 
un- 
even smaller 
rted in 
tal ions 
the maldistribu- 
the tubes 
resulting 
1 manifo — of the 


each exchanger and 
the 

changer of he gas main. 

The com so far has consid- 
ered the ‘Colburn Hougen an- 
alysis as a means of predicting 
formance in a exchanger 
a t a the e rey ts 
with those predicted by the analogy cle 

tions in the analogy are ques- 
tionable and theoretically establish it 
as a conservative method for comput- 
ing clean equipment. One of the ques- 
tionable of the mechanism 
lies in the fact that Colburn and 
Hougen considered an equilibrium to 
exist at any cross section such that the 
condensate on the wall, by virtue of 
the heat balance, was never subcooled. 
In various industrial observations the 
condensate has been known to leave 
at a lower temperature than the dew 
point of the outlet mixture, although 
this point could not be studied quan- 
titatively in these tests. In addition, 
Colburn and Hougen considered dif- 
fusion to be completely independent 
thy temperature gradient between 
va and the condensate—a 
oni ich would appear most con- 
servative at large temperature differ- 
ences due to thermal diffusion. 

In the design of exchangers for 
dirty conditions, Colburn and Hougen 
included the resistance of the dirt for 
both the vapor and water in the value 
of h, when preparing values for 
graphical integration. By surrounding 
the tube with a dirt resistance prior 
to graphical integration, the conden- 
sate on the dirty tube surface will be 
at a higher temperature for a given 
over-all temperature difference, and 
the back pressure of the condensate 
will also be higher, thereby reducing 
the diffusion potential and increasing 
the total required surface. 

Exception has been taken by Kern 
(8, 10) to this use of the fouling fac- 
tor as an element of design in the com- 
putation method established by Col- 
burn and Hougen to supplement their 
analysis. When a length of tube is 
continuously subjected to a combined 
heat and mass transfer coefficient of, 
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say, 750 Btu./(hr.) (sq. ft.) (°F) 
for a steam-air mixture at con- 
denser-cooler inlet and a combined 
coefficient of as little as 5 to 15 Btu./ 
(ne.) (sq. ft.) (°F) at the outlet, the 
effectiveness of a fixed fouling factor 
to produce oversurface is somewhat 
questionable. Near the inlet, where 
most of the heat is transferred. the 
fixed fouling factor may contribute a 
significant resistance; and approach- 
ing the outlet, where more surface is 
required per Btu. removed, the same 

fouling factor will be insignificant. 
Thus, a system ating in a range 
of relatively low 7 a -points receives 
little or no ection against dirt as 
the result of a fixed fouling factor, 
while one operating in a range of rel- 
y high dew-points and corre- 


carry 

desig. In the design modification of 

enser-coolers ~ gh =n, 
ing out graphical int + asp on 
the basis of the clean me coefi- 
cients between inlet and outlet. The 
design coefficient was then obtained 
by adding the desired fouling factor 
to the reciprocal of the weighted 
clean over-all coefficient for the entire 
unit. 

The literature does not disclose the 
relative influence of these two meth- 
ods upon the design of the final unit. 
Table 7 is a comparison of conden- 
ser-coolers designed on the basis of 
the experimental data with a 0.002 
(hr.) (sq. ft.) (°F)/Btu. dirt factor 
as treated by Colburn and Hougen (6) 
and Kern (8). Adding the fouling fac- 
tor to the weighted clean over-all coeffi- 
cient for the five tests, gives a required 
dirty surface ranging from 108 to 
110% over the actual clean surface 
employed. Colburn and Hougen’s 
method reflects the large variation in 
oversurface inherent in their method 
of treating fouling factors ranging 
from 101 to 117% of the clean surface. 
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NOTATION 


he 


p 


specific heat of vapor-gas 
mixture, Btu./(Ib.) (°F) 
gas-side heat transfer coeffi- 
cient, Btu./(hr.) (sq. ft.) (°F) 
combined water and tube 
metal coefficient for a clean 
exchanger, Btu./(hr.) (sq. 
ft.) (°F) 

thermal conductivity of va- 
por-gas mixture, Btu./(hr.) 
(sq. ft.) (°F/ft.) . 
pial of mixture, sq. ft./ 


mass diffusion coefficient, 
mol/(hr.) (sq. ft.) (atm.) 
molecular weight of vapor 
mixture, 
molecular wei of " 


partial pressure of vapor at 
condensate film, atm. 


Over-all coefficient of heat 
transfer, Btu./(hr.)(sq. ft.)(°F) 


latent heat of vaporization, 
Btu./lb. 


= viscosity, Ib./(ft.) (hr.) 


density, Ib./(cu. ft.) 
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COMPUTERS 


heat exchanger 
programs 


on digital computers 


Shortly after the emergence of dig 
ital computers, ams were . 
oped for design of shell-and-tube heat 
exchangers. One of the early develop- 
ments was reported by Kellogg Com- 
pany (1) using a CPC computer. As 
the memory storage capacity and the 
computer speed were increased, more 
sophisticated programs were devised, 
incorporating sensitive, experience- 

decisions. Reports of this de- 
velopmental stage include Alco (2) 
and Esso Research and Engineering 
Company (3), both using an IBM 650 


computer, and the latest report by 
duPont (4) using a Univac 1. 

These programs covered only a 
limited ion of the numerous vari- 


ations of heat exchanger problems. 
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The inevitable trend in the develop- 
ment is toward greater completeness 
and versatility. 

The various types of heat exchanger 
calculations, as they will be en- 
countered in the process industries, 
are: 

1. Construction 

a. Shell-and-tube exchangers, 
with or without segmental flow 
baffles. The tubes can be plain 
or have radially-finned  sur- 
face. 

b. Double-pipe (hairpin) units or 
similarly constructed multiple- 
tube units without es, 
equipped with plain or long- 
itudinally-finned tubes. 

c. Air coolers with high helical 
fins. 


2. Type of operation 
a. Heat exchange without phase 
change i.e., between liquids or 


gases. 
continued on page 46 
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Digital computers 


continued 


b. Condensation of vapors which 
can be total condensation and 
can include some desuperheat- 
ing or subcooling or both. Con- 
densation can be inside or out- 
side tubes and with tubes hori- 
zontally or vertically located. 


a. Design of new i t ac- 


c. Performance evaluation of an 
equipment unit of known di- 
mensions. 

Almost all combinations of these 


methods required. For an oo 
well lel in this of calcula- 
tion, it is a matter began and 
experience to select right 
proach. Using conventional m 

of calculation for programming such 
a large variety of cases would result 
in prohibitive length and complica- 
tions. Therefore, a study was made of 
the economically justifiable extent of 
programming completeness and meth- 
ods of proper engineering analysis, 
suitable for computer use. 


Economic aspects 

The economics of the computer use 
for heat exchange equipment must be 
considered from several points: 

1. Program vs. the 
initial cost of development. wt 
underlyi y is that 
from computer use vs. man 
calculation must pay for the 
development cost within a de- 
sired amortization period. While 
it must be stressed that the 
program should permit an easy 
incorporation of changes due 
to improved knowledge of the 

the over-all logic is 


unlikely to be affected ina 
foreseeable future. The practi- 


other less tangible points. The 
more complete and automated 


a is, the more efficient 
it will be for the engineer to 


compu’ about 6 
minutes and in about half a 
minute on high speed (core 


however an additional time re- 
quirement for the com 
calculation (say, one hour) for 
preparation of data and inter- 
pretation of results, which 
makes the effective solution 
time ratio less attractive, for the 
above case about 1:8, nearly 
independent of the computer 
. The longer the computa- 


' tion time, the less effect will 


the necessary data and inter- 
tion time have, and the 
effective ratio will approach 
more closely the theoretical 
computing time ratio. 


time costs are in the same pro- 
i as_ their i 


e for a problem solution 
will be independent of the com- 
puter type used. For design of 
a shell-and-tube exchanger at 
the current renting prices for 
typical computers, it would 
amount to about $3.00 per case 
solution. At first this may seem 


mately the same for heat a substantial saving as against 
problems. There is, manual calculation, , to 
S.R. S.R. 
DATA TAKE GUESS CALCULATE 
PROCESSING AT T2 AND to Qreq 
S.R. SR. 
UPDATE 
PHYSICAL LMTD 
PROPERTIES 
_ DECREASE INCREASE ho 
TERMINAL TERMINAL . 
TEMP DIFFERENCE! |TEMP DIFFERENCE 
S.R. 
hj 
Qreq<Qact Qreq>Qact 
SR. 
COMPARE CALCULATE 
Qreq VS Qact Qact | 
fone wQact 
S.R. S.R. S.R. 
PRINT 
TUBE AP SHELL AP OUT 


Figure 1. Executive routine example. For a given heat exchanger calculate 
both outlet temperatures. 
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cal limits of am complete- 
rs imponderable fineness of engi- 
neering judgment becomes ir- 
replaceable by the computer 
speed. 
considerations there will be 
c. Condensation of vapor-gas mix- use. ; _ a minimum 
tures (partial condensers), also Se 
as desuperheaters and sub- ability of his prob pre- 
coolers. paring the oe information. 
d. Vaporization and reboilers. 2 Actual benehts derived from 
3. Problem formulation sign of a shell-and-tube ex- 
changer, which would require 
about one man-day for manual speeds, then the direct computer 
cations an respecting solution, is solved by magnetic 
constructional stand- 
and manufacturing prac- 
tices. 
b. If some specifications (e.g. memory) computers. The man- 
pressure drop) are relaxed, the ual to machine time ratio is 
problem is then to find the then about 1:80 or 1:800, re- : 
most economical solution pos- spectively, and will be approxi- 
sible. 
variations are possible, _—- in a 
great number of particular solution 
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d, considering the integral 
cost of a computer solution, the 
direct saving in terms of 


lation problems, that the com- 


importance, and any modern 
computer will be suitable. On 
the other hand, the size of the 


addressable (magnetic 
ity of an auxili 


generalized and elaborate fea- 
tures can be introduced such 
as: check for correct data sup- 
ply to eliminate later calculation 
interruptions; automatic supple- 
menting of physical constants 
and fluid properties; optional 
choice of various parameters, 
etc. ‘ 

It shoul also be noted that any 
calculation of economic opti- 
mum Gepends on the ability to 
estimate the price of the equip- 
ment éalctlated. The price esti- 
mation programs are, however, 
ey lengthy. For this reason 

economic optimization 

program will be feasible a 
the larger computers (4000 
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ittle information 
techniques has been published. Some 
of the outstanding requirements are: 

l. The literature emphasizes 


memory cells with magnetic 
tapes or larger). enone is a 


of the typical computer sizes 


handli lified, 
avail- 


special- 
be 
ful if magnetic tapes are avail- 
able, and in that case general 

programs with a medium 
of completeness can 
be handled successfully. 

c. The ideal memory size is up- 
ward of 12,000 cells with two 
magnetic ta available, in 
which case any type of 


heat 
be 
ciently. 


Engineering analysis 

The methods of manual lem 
solution will have to be i to 
suit the techniques of computer logic. 
The differences can be summarized 
in two main items: 


1 All computing operations and 
tase 


based on engineering experience, 
must be con into equa- 
tions, no matter how compli- 
cated. 


The ingenuity of the proper at- 


Current literature has not yet been 


to the yp era and very 
computer solution 


graphical solutions shortcut 
methods aimed to facilitate nu- 
merical calculations, often at the 
cost of accuracy and clarity of 
the physical processes involved. 
For computer use, information 
in this form is of little value 
and must be translated into 
equation form, curve-fitted, or 
completely new solutions must 
be found. 

dure for manual solutions is the 
use of tabular information 
which, only in exceptional 
cases, is practical for computer 
use. A typical example is the 
table of shell diameter vs. tube 


MPUTERS 4 


FF 
EEE 
Bs 


uation for each 

case ee to check its applicabil- 
~ Fg so in computer usage! 
new case requires separate 
coding and decision making, 
taking costly space in the 6om- 


ity. To demonstrate what can 
be achieved in this respect, de- 
velopment of several general- 
ized equations is shown in the 
For example, a sin- 
uation was developed, 

which is valid for the 1 
sation coefficient inside and out- 
side tubes, horizontal and ver- 
tical condensers, and plain or 
radially finned tubes. In this 
manner, one subroutine will 
handle all the calculation types, 
which otherwise would have 
resulted in prohibitive compli- 


cations. 


. In manual calculations the en- 


gineer has freedom of decision 
on questions of marginal ac- 
ceptability. For — , if the 

ified pressure drop is ex- 
only slightly an 
otherwise good solution, he may 
decide to accept it. The com- 


er , however, is 
ae and the logic behind the 
relaxation of given conditions 
for such marginal cases is pro- 
hibitively complicated. For 
these reasons, the most efficient 
combination of the engineer- 
computer team appears to be a 
system in which computer 
first evaluates the economic 
imum free of restrictions. 
engineer then has a chance 
to consider how his process con- 
ditions fit into such optimum. 
Adjusting his data, if necessary, 
the engineer lets the computer 
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> CO 
this amount must be added the count, which for computer use | 
initial development, current 
supervision, ‘auxiliary services 
and the preparation of data, and available: 
interpretation of the results. a. The 2000-cell memory class 2. 
The over-all cost wD wr gaa computer will be capable of 
solution will be in- 
creased by the fact, that having 
the computer available, the en- 
oa will investigate his prob- ro of magnetic tape 
for several solution possibil- should be helpful. ; 
ities, which he may not have ; 
done by manual calculations. It 
is the opinion of the writer that 
this is the primary benefit of 
computer use for heat —— 
calculations, aside from 
benefit of increased = of puter memory and extending ; 
s evaluation. On the other the problem complexity, coding 
time. 
the goal is a progfam 
of high — of completetiess 
or manpower will be of seco: and app emphiasis 
ary importance. must be directed to iy 
4. Requirements of computing ment of equations with | 
Ce highest degree of general va- | 
which will decide the suitability 
of any computer and the pos- 
sible degree of completeness of 
the program. 
On computers of limited size 2 
Sie to be specialized to each — must be replaced by 
particular case and confined to computer speed. | 
essentials. Specialized programs, 7 
however, mean more program- eare 
and checkout time. If 
ample memory space is avail- 
able, the program will be rather , 
°A deposited in ADI. See 
continued on page 48 


Digital computers 
continued — 


perform the final design in the 
second run, assuring an over-all 
optimum between the theoreti- 
cal considerations and the en- 


Program organization 

Upon analyzing the solution meth- 
ods for various heat exchanger prob- 
lems it will be noted that certain cal- 
culation groups are repeated in basi- 
cally identical form. For example, es- 
sentially the same calculations of heat 
transfer coefficient and pressure drop 
are used for new equipment design, 
performance evaluation of existing 
units, or various types of economic 
optimization calculations. Instead of 
repeating the coding of such sections, 
the common calculation groups are 
formed into subroutines. Subroutines 
are self-contained sections of compu- 
ter program, which can be en at 
any point of the pee and will, 
alter completion of their function, re- 
turn automatically to the particular 
Iccation of the program, whence they 
were called. 

Such subroutines form building 
blocks which can be properly ar- 
ranged for each desired type of case 
solution. 

The overall logic of each solution 
is programmed in what may be called 
“Executive Routine.” This routine di- 
rects the over-all strategy of a solu- 
tion and is used only for decision 
making, selecting the use of various 
subroutines, performing short, 
non-repetitive calculations. It also 
the over-all calculation 
under constant control. (Figure 1). 

The advantages of this functional 
division can be ized: 

a. The subroutines perform mul- 
tiple functions while they need 
to be coded only once. 

b. Eventual changes in various cal- 
culation sections (i.e., subrou- 
tines) can be made without af- 
fecting the rest of the program. 

c. The executive routine method 
makes it possible to reduce any 
complicated, lengthy calculation 
into a short, easily surveyable 
system. Any number of over-all! 
solution types can then be com- 
piled reduced coding 
effort. 

d. Division into subroutines is par- 

‘ticularly important on machines 
with limited storage capacity. 


Only such portions of the over- 
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all program are t in the 
memory as are ed simul- 
taneously for the calculation and 


then overstored from magnetic 
tapes. This system has been ap- 
plied with success on a medium 
size computer (Datatron). How- 
ever, the division is also uti- 
lized with advantage on ma- 
chines with a larger 

storage (IBM 709), as com- 
plete programmed blocks can 
precoded 


por- 

The development of a good pro- 
gram must not be confined to proper 
use of the engineering aspects but 
must consider the requirements of the 
engineer-user. This is manifested by 
very careful design of the data 
sheets and by selection of a number 
of optional parameters. 

The over-all organization of a gen- 
eral and rather elaborate program 
for an IBM 709 is described as an 
example. 

The consists of: 

1. A complex Data Processing 
Subroutine. In the first part 
of this subroutine a Data File 
will automatically supply all the 
physical rties uired for 
heat wi in the 
form of equations which are 
functions of temperature and 
pressure. From these equations 
the program evaluates the prop- 
erties in question for any tem- 
perature or pressure condition 

in the course of cal- 
culation. A composite stream 
of up to five components can 
be handled and the weighted 
properties of the mixture cal- 
culated. This method results in 
a high degree of accuracy and 
consistency, which otherwise 
would be very difficult to ob- 
tain from fixed, manually sup- 
plied data. The Data File will 
eventually contain all frequently 
used fluids: water, steam, com- 
mon gases, and many hydro- 
carbon liquids and vapors. It 
is estimated that this method 
will cover 80% of all calcula- 
tions. Provisions must be made, 
so that the use of the Data File 
is only optional, and that data 
of fluids not included in the 
File can be substituted. Any 
combination of Data File and 
manual substitutions can be 
handled. Further, the Data 
Processing Routine checks all 
data their = 
proper cages magnitudes, 
thus preventing calculations 


from being started if data sheets 


were fi out im ly, or 

errors made in 

Errors found will be identified 

by rintout, which will 

facilitate su uent corrections. 
It is estimated that these checks 
will eliminate 95% of all un- 
foreseen computation interrup- 
tions, thus contributing to a 
high efficiency of the computer 
time usage. 

2. Program selection _ routine, 
which automatically selects the 


gram. 


tines. 
4. Printout Subroutine. 


Conclusion 
It can be safely predicted that the 
use of digital computers for heat 
exchanger design and evaluation is 
bound to increase and will eventually 
become universal as the availability 
of efficient computers increases. The 
resulting effects should become = 
t throu increased cal- 
at times of high construction activity, 
optimization of designs and basic de- 
cisions on the economics of heat ex- 
change (e.g., water cooling vs. air 
cooling ) ich are impractical by 
manual calculations, ps i uniformity 
of calculation methods in a com . 
Far from devaluating the job 
engineer, the computer as a very com- 
plicated tool, will place higher de- 
mands on his basic knowledge and 


originality of judgment in ly 
bes. the The speed 
of calculations will make it possible 
for new approaches and basic con- 
siderations to receive more attention 
and assume more significance as a 
result of the improved’ methods for 
evaluating and understanding heat 
transfer problems. The cost of the 
initial program development could be 
substantially decreased if more at- 
tention were given in the _per- 
tinent literature to calculation tech- 
niques suitable for computer usage. 
This tendency could eventually 
projected even further and may have 
influence on the future formulations 
of college courses. 
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Studies of the mechanism of 
heat transfer are seriously ham 
by the fact that the heating surface 
temperature is usually the only con- 
trollable variable. To overcome this 
problem, the authors tried to produce 
synthetic boiling in which bubble 
evolution could be controlled inde- 
dently of the surface temperature. 
ubbles were nay electrolyti- 
cally on a heated surface i in 
a dilute aqueous electrolyte. This al- 
lowed varying the rate of bubble 
generation by control of the electrolyt- 
ic current tely from variations 
of the heat supply to the surface. 

-In boiling, the effects of increasing 
the temperature of the heating surface 
are to increase the rate bubble 
evolution, the number of bubble nu- 
cleation sites, and the temperature 
difference between the surface and 
the boiling liquid. Electrolytic genera- 
tion of bubbles makes the first two 
effects the result of the electrolytic 
potential rather than of temperature. 

It is not that synthetic 
boiling is identical with actual nucle- 
ate boiling, but it offers possibilities 
of a better understanding of the me- 
chanism by which heat is transferred. 

Literature in the field of boiling 
has been extensive and recent reviews 
have discussed the principal articles 
(10, 11). A number of investigators 
(1, 4, 5, 8) have reported enhance- 
ment of heat-transfer rates resulting 
from film disturbance. The work re- 
ported herein was undertaken to 
examine heat-transfer enhancement 
resulting from artificially controlled 
bubble generation in both natural 
convective and surface boiling en- 
vironments. 


Procedure 


The bath was filled to the desired 
level with electrolyte and then boiled 
vigorously for a few minutes to de- 
aerate it. Coolant was then circulated 
through the cooling coil until the 
desired bath temperature was ob- 
tained. For studies with natural con- 
vection heat transfer (i.e., with the 
surface temperature below the elec- 
trolyte boiling point), the entire bath 
was cooled to about 35°F, and some- 
times a light layer of ice was allowed 
to form on the cooling coil. This was 


done to ide a sizeable heat reser- 
voir so that the effects of electrolytic 
bubble generation on natural convec- 
tive heat transfer could be studied 
over a wide range of nearly constant 
temperature differences. It was us- 
ually possible, in these cases, to main- 
tain the bath temperature below 
about 50°F throughout that portion 
of the run corresponding to natural 
convection with superimposed electro- 
lytic action. Under operating condi- 
tions corresponding to surface boiling 
with superimposed electrolytic action, 
the bath temperature was maintained, 
in most cases, in the range from 80 
to about 100°F. 

After the bath had been brought 
to the desired temperature, the cur- 
rent in the electrolytic circuit was 
turned on and adjusted to the de- 
sired value, generating hydrogen bub- 
bles on the surface of the copper 
block (see Apparatus, page 50). 
Power was supplied to the heater 
and after the establishment of steady- 
state conditions, data were recorded 
on the power supplied, the bath 
temperature, the metal surface tem- 
perature, and the current through 


HEAT = 
TRANSFER 


the electrolytic circuit. The craning 
conditions were then changed 
the recording of data was repeated. 


Results 


The effect of electrolytic bubble 
generation on natural convective heat 
transfer is shown in Figure 4. The 
lower curve is that obtained in the 
absence of bubble generation, or for 
undisturbed natural convection. The 
tendency toward higher heat fluxes 
corresponding to temperature differ- 
ences in the neighborhood of 180°F 
results from the onset of surface boil- 
ing action. It can be seen that an 
increase in bubble current, or in the 
volume of gas liberated, results in 
a correspon ing increase in the at- 
tainable heat flux for a given tem- 
perature difference. It sepeen, in ad- 
dition, that a major enhancement of 
continued on page 51 
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supply (+) — 


thermometer 1 


cooling coil + 
heating 


element 


Figure 1. Overall layout of apperstus for heat 
transfer measurements. 


Apparatus 

A schematic diagram of the ap- 
paratus is given in Figure 1. Basi- 
cally it consisted of an electrically 
heated copper block immersed in a 
dilute aqueous electrolyte. The block 
was used as a cathode so that bub- 
bles of hydrogen could be generated 
on the heated surface by the appli- 
cation of an electrolytic current. The 
heated surface was one face of a 
2-in. x 2-in. x %-in. block of 99.9% 
pure copper. Four equally spaced 
holes drilled parallel to the 2-in. x 
2-in. faces of the block, accommo- 
dated the resistance elements, Fig- 
ure 2. 

of an electrolytic bath and current 
measuring and D.C. control equip- 
ment. The positive output terminal 
was connected to the cooling coil in 
the bath proper, and the negative 
terminal to the surface of the heat- 
ing block. The bath was a 9-in. x 
10%-in. x 24-in. high glass tank 
which held 30 liters of dilute* 
aqueous NaOH electrolyte. The 
copper heating block was fitted to a 
square opening in the bottom of the 


glass tank — 


to A.C, 
power 
supply 


brass —— 
cylinder 


tank so that an area of 2.64 sq. in. 
was in contact with the electrolyte. 
All portions of the block not in con- 
tact with the electrolyte were insu- 
lated with either glass wool or Aero- 
gel thermal insulation to minimize 
heat losses from the heated block. 


Preliminary tests made on the 
equipment without liquid in contact 
with the block indicated that heat 
losses were negligible compared to 
the heat fluxes obtainable under ex- 
perimental conditions. It was expect- 
ed that some heat would be trans- 
ferred from the block to the liquid 
by conduction through the gasket 
and the Bakelite end plate, but this 
quantity of heat was estimated to be 


insignificant. 
3/8” holes for electric heater 


to gas burette 
hydrogen 
collecting zone 


— 


out 


stirrer 


diaphragm 


bakelite 
plate 


thermocouple 


silica 
Aero-gel 


powder 


to electrolyte pool 
Figure 3. Electrolytic bath and auxiliary equip- 


The bath was with a 
cooling coil of about 20 ft. of %-in. 
copper tubing. Coolant (either cold 
water or refrigerated methanol-ice 
solution, depending on the tempera- 
ture range desired), could be circu- 
lated through this cooling coil, which 
also served as the anode in the 
ment consisted of a wet-test meter 
or, in some cases, a gas burette ar- 
ranged to collect the liberated hy- 
drogen gas so that current efficien- 
cies in the electrolytic circuit could 


copper-constantan 

located about 1/16 in. beneath the 
heat-transfer surface and soldered in 
place to insure good thermal contact, 
Figure 3. 


* Concentrations were 0.05 N for 
studies under natural convective con- 
ditions, 0.1 N and 0.5 N for studies 
under surface boiling conditions in- 
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| he 
electrolyte poo) |vent =, 
wake? gas wet meter | 
f ; node 
Us 
| 
variac— | lead 
ial 
.T. supply (-) 
D.G 0-5000 MA 
0-1A, 
multimeter 0-25 V. 
wattmeter |» |0-5A. | & 
copper oxide yariac3 
be measured. 

Bath temperatures were measured 
with a standard immersion mercury 
thermometer. Temperatures of the 
heated block were measured by two 
volving low and high current densi- 

thermocouple wells ties, respectively. All studies were 
: Figure 2. Diagram of copper block. made under atmospheric pressure. 
50 


Electrolytic gas 


continued 


heat transfer is obtained with onl 
light bubble formation. Althou 
heavier bubble formation does cause 
a higher attainable heat flux, the 
effect is not so as that 
obtained at the very onset of the 
slightest bubbling action. This fact 
is shown strikingly in Figure 5, which 
is in terms of heat-transfer coefficients, 
rather than heat fluxes. The effect of 
the onset of surface boiling action is 
also somewhat more evident when the 
data are plotted in this fashion. 
A cross plot of the data of Fi 

4 shown in Fi 6 further illus- 
trates the effect of electrolytic bubble 
ux. curves ing to 
higher values of ciaaneiens differ- 
ence are not straight lines, but tend 
to be slightly concave upward, evi- 
dencing a trend toward higher heat 
fluxes at high bubble current and 
high temperature difference. This 
trend probably results from the ten- 
dency of the liquid to vaporize into 
the hy bubbles as are 


formed. t is, when a bubble of 
hydrogen is formed, the liquid sur- 
rounding this bubble tends to vaporize 
into it, and thus causes the volume of 


gas actually liberated to be somewhat 


in excess of that expected from elec- 
trolytic action alone. The amount of 
the liquid which vaporizes is de- 
pendent upon the vapor pressure of 
the liquid and, hence, upon its tem- 
ature. Since, experimentally, the 
iquid bath could not be kept at low 
temperatures under conditions giving 
these high heat fluxes, there was ap- 
an appreciable tor 
iquid to vaporize into y 
bubbles ad an accompanying trend 
toward slightly higher heat fluxes. 
The effect of electrolytic bubble 
gee on heat transfer under sur- 
ace boiling conditions is much the 
same as that under natural convec- 


tion conditions. Figures 7 and 8 
demonstrate the general trends for 
regions of low high current den- 


sity, respectively. Throu t most 
of the low current es of 
operation, an increase in the electro- 
lytic current tends to enhance heat 
transfer. However, as the current den- 
sity is increased yond about 25 
amp./sq. ft., heat fluxes off 
This effect ap A re- 
sult from a surface blanketing con- 
dition, similar to that ex in 
the transition from nucleate to stable 
film boiling. 

A small amount of data taken in 
the range of current densities from 
50 to 150 ./sq. ft. suggests that 
the heat transfer 
ats ay somewhat at higher rates of 
bubble generation. An increase in the 
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temperature difference less 
effective in increasing heat flux, ie., 
the characteristic slopes of g/A vs. 
AT are less. In the range of bubble 
current from 150 to 500 amp./sq. ft., 
there is slight, but inconclusive, evi- 
dence that an increase in bubble cur- 
rent lowers the attainable heat flux. 
Also, it a from the data in 
Figure 8 that there will be some maxi- 
mum rate of heat transmission at a 
temperature difference slightly in ex- 
cess of 50°F. Presumably at this point, 
the surface will have become blan- 
keted with electrolytic and vapor 
bubbles and any further attempts to 
increase the heat-transfer rates by in- 
creasing either the temperature differ- 
ence or the electrolytic current would 
be futile. 

The effect of agitation on heat 
transfer in the presence of electro- 
lytic action was studied briefly by 
using a small laboratory stirrer run- 
ning at medium ang and positioned 
near the hot surface. For relatively 
small electrolytic currents and low 
rates of power input, agitation en- 
hances heat t er slightly. Co- 
efficients are in the range of 10 to 
25% above those observed in the ab- 
sence of agitation for current den- 
sities of the order of 0 to 150 amp./ 
sq. ft. Under surface boiling condi- 
tions and at high current densities, 
agitation gave no appreciable effect 
on heat transfer. 
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Figure 4. Effect of electrolytic bubble gen- 
eration on natural convective heat transfer 


to NaOH. 
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Figure 5. Effect of electrolytic bubble gen- 
eration on natural convective heat transfer 
to NaOH. 
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Electrolytic gas 


continued 


It was noticed that the electrolytic 
of bubbles seemed to 
uce a larger number of nuclei t 
were observed under surface boiling 
conditions. Also, the electrolytic bub- 
bles seerned to lack some of the vio- 
lence and spontaneity of the bubbles 
nerated by the boiling action and 
ifted away from the hot surface 
rather than collapsing. In addition, 
the electrolytic bubbles did not in- 
volve those latent heat effects which 
are inherent in boiling action. These 
points pose the question as to the 
relative effects of the generation of 
bubbles by yp Bn opposed to the 
generation of bubbles by electrolytic 
action. Some idea of these effects may 
possibly be gained from ation 
sind the following lines of thought. 
To compare the effects of the two 
methods for producing bubbles, some 
common basis must be chosen for 
comparison. It seems that the rate 
of production of gas in the form of 
bubbles is a significant variable com- 
mon to both methods. It is desirable 
to know or to be able to estimate the 
differential heat flux attributable to 
bubble formation as a function of the 
rate of bubble formation, where the 
differential heat flux is that obtaina- 


ble in the of bubbling action 
convection conditions at the same 
temperature difference. 

In the case of electrolytic genera- 
tion of bubbles, the experimental data 
vield information as to the differential 
heat flux as a function of the rate of 
bubble generation. This relationship 


is shown in Fi 9, which is a 
cross plot of obtained from 
Figure 4. 


In the case of the generation of 
bubbles by the mechanism of surface 
boiling, a similar relationship is more 
difficult to obtain. However, if the 
assumptions are made that: 

1. A constant fraction of the differ- 
ential heat flux is utilized in 
the production of bubbles, and 

2. The latent heat of vaporization 
is constant, then the rate of bub- 


flux is used for the formation of bub- 
bles. 1/70, 
= 0.000284 (q/A), (3) 


or 

(q/A)4 = 3400 R (4) 
where the rate of bubble generation 
is the least that can be expected from 


.the information given in reference (9). 


A logarithmic representation of this 
function gives a straight line having 
a slope of unity. This line is also 
shown on Figure 9 for com 
with the relationship obtained in the 
presence of electrolytic action. 

The assumption that the enhance- 
ment of heat transfer uced b 
the generation of bubbles is d 
ent upon the number of active nuclei, 
or the number of bubbles, is sup- 
ported by several re- 
ported in the literature, (3, 7). From 
this, it may be deduced that a de- 


crease in surface tension causes small- 


ble uction is a linear func- 
tion of the differential heat flux. er bubbles, and therefore a larger 
then (q/A), = a(q/A)« (1) number of bubbles, to be generated 
and the Foal mn is (2), be- for a given rate of gas evolution, 
ps ee conditions. thereby further enhancing the heat 
phic evidence of Roh- transfer. 

Pd Cladk (9) indicates that at The factor of bubble size might 
hy — berg the differential heat also account for the fact that the con- 
(2) 

(q/A)» Btu./(hr.) (sq. ft.) (359 cu. ft./lb. — mole) 
= = 0.0206 (q/A), 


(970 Btu./lb.) (18 Ib./b. — mole) 


400 
60 
~ 40 = 200 
io 
2 
6 > 2.73 Amp./sq. ft. 
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parametee T 32.7 Amp./sq. ft. 
| | gw 38.2 Amp./sq. ft. 
1 
0.06 0.10 0.20 0.40 0.60 0.80 


Rate of bubble formation, cu. ft./(hr. (sq. ft.) 


Figure 6. Effect of electrolytic bubble generation 
on natural convective heat transfer to NaOH. 
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Temp. difference, T,-T, °F 


Figure 7. Effect of electrolytic bubble generation on 
surface boiling heat transfer (low current density range.) 
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Figure 8. Effect of electrolytic bubble generation 
on surface boiling heat transfer (high current dens- 


ity range.) 


vective temperature difference ap- 
pears as a parameter in the case of 
the electrolytic generation of bubbles. 
It is seen that the higher heat fluxes 
are obtained in cases of high tempera- 
ture differences. Since, experimentally, 
these high temperature differences 
corresponded to higher bath tempera- 
tures, the surface tension might be 
expected to be low and the bubble 
size smaller than for the low con- 
vective temperature differences. This 
smaller bubble size would conse- 
quently lead to a higher heat flux. 

Another possible explanation for 
the appearance of the convective tem- 
perature difference as a ameter 
in the case of electrolytic bubbles is 
the mechanism previously described, 
that of the liquid in the immediate 
vicinity of the bubbles vaporizing 
into the bubbles and thus leading to 
high heat fluxes by enhancing the 
bubble formation itself. 


Conclusions 


It was found that an enhancement 
of heat transfer similar to that exist- 
ing under surface boiling conditions 
can be obtained by electrolytic gen- 
eration of bubbles. Since no latent 
heats are involved in the electrolytic 
process, this work furnishes experi- 
mental evidence that latent-heat ef- 
fects are not of prime importance in 
the phenomenon of surface boiling, 
and that the high heat-transfer co- 


efficients may be attributed to a me- 
chanical agitation of the fluid film 
existing at the interface. 

It was deduced that, for a given 
volume of gas liberated, the electro- 
lytic process is more effective than the 
surface boiling process for the en- 
hancement of heat transfer. This may 
be attributed to the fact that elec- 
trolytic bubbles appear to be much 
smaller than do surface boiling bub- 
bles. Thus, for a given volume of gas 
liberated, more bubbles are formed 
by the method of electrolysis than 
by the method of boiling, and the 
rate of film disturbance in the pres- 
ence of electrolytic action is higher. 

It was observed that electrolytic 
bubbles lack the violent collapse of 
boiling bubbles. Because of the equal, 
if not au ted, effect of electro- 
lytic generation of bubbles on heat 
transfer, it may be surmised that 
bubble collapse is not of major im- 
portance in the enhancement of heat 
transfer. 

The tendency toward a surface 
blanketing effect, similar to that ob- 
served in the transition from nu- 
cleate to stable film boiling has been 
demonstrated with electrolytically 
generated bubbles under surface boil- 
ing conditions. 
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NOTATION 

A = Heat transfer area, sq. ft. 

h = Heat transfer coefficient, 
Btu./(hr.) (sq. ft.) (°F) 

qQ/A = Heat flux, Btu./(hr.) (sq. 
ft.) 

(q/A)» = Heat flux producing bub- 
bles, Btu./(hr.) (sq. ft.) 

(q/A)q = Differential heat flux, 
Btu./(hr.) (sq. ft.) 

T, = Temperature of hot sur- 

face, °F. 

T, = Temperature of bath, °F. 

T, = Boiling temperature of 
bath, °F. 

R = Rate of gas evolution, 


Btu./(hr.) (sq. ft.) 
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Heat transfer 
in agitated kettles 


Here is the first reported data for the 
effect of varying numbers of baffles on 
heat transfer coefficients in turbine 
agitated systems. 


Heat transfer through jackets to Equipment 


liquids in agitated vessels is a com- Table 2. 
rediction of ¥ 30-gallon tank of Type 316 stainless L/D = 0.30 
coefficients on the kettle side of the tee! with a mild steel a inl Sg (H) 21in}H/D = 1,05 
Ho = equip bladed turbine Dimensions 6 in. 
exists and geometric ratios for both tank 
the literature as to the constants of 
; and impeller are given in Table 2. ah 1.5 in. 
the correlation, Table 1. This work Pi ed the introd of Impe Vw = 1.20 
studied the effect of baffles on the ping allow introduction 


1.25 in. 
kettle side film coefficients of heat ‘2m and the draining of cooling with (0) 


transfer and compares a turbine im- from the upper jacket (A) ft 

lier with the ‘available literature ¢ction, the draining of steam Bafile width (each) 2.0 in. 

or unbaffled systems. The fluids * "®P (to enable measurement of Raffle depth Full tank depth (24 in.) 
used provided data covering the 
range of Reynolds numbers from 30 
to 5x10°. Tests were of the batch 
type for both heating and cooling. 


condensate) from the jacket drain 
provided on the bottom, and the in- 
troduction of cooling water through 
the lower jacket connection. 

The agitator was driven by a % hp., 
Table 1. Summary of previous work (unbaffied equipment). 110 volt d.c. motor. 
Bulk liquid temperature was meas- 


AGITA FEREN: 1 1 1 

= ured a thermometer at least six 
Flat blade (3) % —0.14 0.40 inches the liquid surface and 
Paddle (2) % —0.14 0.36 midway between the agitator shaft 
and kettle wall. For the more viscous 
(1) _0.14 0.45,0.55  Sdlution, at low impeller 
Anchor (7) \ —0.18 0.38? speeds, several temperature 
2 retreating blade turbines (3) % —0.14 0.544 were made at varying locations. 
Turbine (7) \ —0.24 0.535 A Hasler Speed Indicator (esti- 
Turbine (7) 4 —0.24 0.448 mated accuracy of 2.5 r.p.m.)~meas- 
1 Equation of the form of Eq. 5. 8 Low position heatin . ured the impeller speed. 
Turbulent range. Heating was provided by 3 Ib./sq. 
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test heating 
Tavg.= 145 °F 


symbols 


ounbaffled 


@ | baffle 
42, 4 baffle 


.02 .04 


(1/n') 


.08 


06 
2/3 


Figure 1. Comparison by test condition. (SAE 30 oil). 


in. steam reduced from line pressure. 
The steam was assumed saturated. 
No air-entrainment i was 
made and the data Sitoened that 
non-condensable gases entered with 
the steam. Cooling water from normal 
line sources entered the jacket at 
about 69°F. 

The bulk fluid was wei before 
being placed in the , and the 
physical properties were determined 
when necessary. 


Procedure 


Tests were made with water, 
S.A.E, 30 and 50 oils, and 43° Baumé 
corn syrup without baffles, and with 
one, two, and four baffles. Speeds 
ranged from 30 to 400 rpm for the 
water runs, and 100 to 450 rpm for 
the oil and corn syrup. The lower limit 
on the viscous fluids was due to in- 
sufficient mixing at below 100 
rpm to provide uniform bulk tem- 
perature readings. The up limit 
was the speed at which there was 
vortex formation near the top of the 
impeller. 

A heating and cooling run was 
made for each speed. The amount of 
condensate and rate of cooling water 


gun. 

In the batch system under con- 
sideration, with a constant jacket tem- 
perature, the rate of heat transfer to 
the bulk liquid could be described by 


dt 
qn = we = U,A, (T+) +4, (1) 
6 


Figure 2. Power input correlation. 
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UA TT (T4,)/(T+,) (2) 


Assuming radiation losses and the con- 
version of mechanical energy to sen- 
sible heat in the bulk fluid to be 


Because the jacket temperature re- 
mains constant, 1/h, r, (assum- 
ing no scale buildup) remain con- 
stant. If the change in thermal con- 
ductivity is considered negligible over 
ti 2 entire test range, the jacket wall 
resistance is constant. Therefore, the 
major variability in U, is caused by 
h,, the kettle side film heat transfer 
coefficient. 

Previous work (1, 2, 3, 7) in this 
field has established that 
h; = @ (Ng). Assuming that, at a 
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10 If, for a given test period @ is 
small to the overall time 
and the change in bulk temperature 
is limited, the ae assumptions 
.08 can be made: (1) U, is constant 
over the temperature subrange; (2) 
the specific heat C, remains constant; 
(3) the heat transfer area remains ; 
constant; (4) the rate of > ag wr 
.— -06 work remains constant during the test 
3 period. 
~ 
mC 
Then: g, = — ¢,-t 
.04 q A (« 
0 negligible, U, is easily calculated. 
1/U,, the sum of resistances (in ; 
P| series) to heat transfer, equals 
h, hy 
were measured. Power input data } 
were recorded at the end of each 
cooling run. After completing the 
heating and cooling or, the speed if 
was » Seem the jacket drained of 
cooling water, and a new cycle be- 


... the increase in turbulence when baffles are added tends to decrease the thick- 
ness of the liquid film at the kettle wall. 


Agitated kettles 
continued 


(n’)*® then — = + 
U, 
| 
of 1/U 

plot 4 VS. 

(4) 

(1/n’)® should yield a straight line 


+ 


this work. The temperature range of 
the test was subdivided into three 
increments (100-125, 126-140, and 
141-150°F) in which the physical 
properties of the liquids were con- 
sidered essentially constant. The vis- 
cosity was determined at the average 
temperature within each ran 

for the correlation of 
the heat transfer data take the form of 


with an in at the ordinate of 
1/h, + +t a of I/e’. 
This method, a ilson Plot The constants of this equation were 
(Figure 1) for interpreting heat trans- evaluated (Nx) 
fer, was used correlations of (N,»,)™* vs. (Np,) cos (Nm) * 
Table 3. Properties of the liquids. 
Sp. Gr. Cp k pat 100°F 
ater chart, (4) 
S.A.E. 30 oil 0.90 saa 0.073 90! 
S.A.E. 50 oil 0.90 0.468 0.073 190 
Corn Syrup 1.4206( 100°F /60°F ) 0.573 0.214 12,500? 
1 Extrapolations made on A.S.T.M. Standard Viscosity—Tem hart D-341. 
Clinton, Iowa. 
Table 4. 
Sample Data-Fluid $.A.E. 30 Oil 
a Test Conditions: 1 Baffle, Heating Run, t,,, = 118°F. 
Cu My 
k Jus / 118° 
n VU, Ah, h,D/k Ne, J 
100 0.040 0.0464 28.7 655 618 55 
170 0.081 0.0326 40.8 930 1050 77 
250 0.024 0.0252 52.7 1205 1550 100 
420 0.019 0.0178 74.5 1700 2600 141 
c = 1.33 
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g slope. The con 


tablished ious 
(2, 3). C is the J- 
factor plot at N = 

Results 


Due to the initial assumption, 
h, = c’(n’)*/*, no attempt was made 
to evaluate the Reynolds number ex- 
ponent. The value, %, was used. 

The determination of the of 
the Prandtl number invol averag- 
ing the two slopes obtained from the 
graph vs. Cu/k. 

two lines, for heating and cool- 

ing, had slopes of 0.382 and 0.292 

ively. The average, 0.337, 

—_ with the value %, most com- 

found in the literature. This 

latter value was used for the final 
correlation. 

The curve, Fi 2, a 
wall with blished 
by Rushton and Oldshue ( ef 

The exponent for the viscosity ratio 
(Figure 3) was found to be —0.14. 
This value agrees with most of the 
literature. Here » 
viscosity oulented at the jacket tem- 
perature. No change was found in the 
exponent of the viscosity ratio when 
py Was evaluated at the kettle wall 
temperature. The temperature of the 
wall was calculated from heat input 
information and evaluated heat trans- 
fer resistances. No change was ob- 
served due to the thin vessel wall 
(3/16 in.); the jacket temperature 
wall. 


is defined as the 


closely approximated that of t 


Figure 4. J factor correlation. 
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Vi ratio correlation. 
Figure 3. Viscosity 


The final correlation of J versus 
Ng (Figure 4) gave two distinct 
lines; one each for the unbaffled anri 
baffled conditions. To evaluate the 


NOTATION 


kettle side hea. transfer 
area, sq. ft. 
height of impeller from 


heat, Btu./(°F) 
(Ib.) 


= Constant of correlation 


line slope of 1/U, vs. 
(1/n’)*/* graph 

tank diameter, ft. 

liquid height, ft. 

film heat transfer coeffici- 
ent, kettle side 

film heat transfer coeffici- 
ent, jacket side 

(hjD/k) (Cu/k)-¥* 

thermal conductivity 
diameter of impeller, ft. 
of impeller blade, 


log-mean temp. diff. 
h,D 


Nusselt Number = 
number 


Reynolds 
=L*np/p 
Power number 

= pe/nL*p 

rotational speed impeller, 


resistance to heat transfer 
by fouling 

jacket temperature 

bulk temperature 

overall heat transfer co- 
efficient based on heat 
transfer area, kettle-side 


= width of impeller blade 


viscosity based on bulk 
liquid temperature 
viscosity based on jacket 
temperature 

“a function of” 

bulk density 

time, min. 


> PROCESS EQUIPMENT 4 


constant C, the lines were 

to Ny, = 1. The constant for the un- 
baffled tests, C = 0.54, duplicates the 
findings of Cummin a West and 
Uhl for turbines (Table 1). 


No significant differences were ob- 
served among the one-, two-, or four- 
baffled tests. Extrapolation of the baf- 
fled data line gave an int t of C 
= 0.74. It then can be concluded that 
baffling increases the kettle side film 
heat transfer coefficient by 37%. This 
difference existed in the turbulent 

The data taken in the viscous re- 

m and in the transition range 

no difference between baffled 
and unbaffled conditions. 

The increase in turbulence when 
baffles are added tends to decrease 
the thickness of the liquid film at the 
kettle wall. Thus with decreased film 
thickness, an increased coefficient is 
obtained for heat transfer. 

The transition range data showed 
no evidence of differences between 
test conditions. Whether differences 
should exist cannot be concluded in 
this work. Limitations in the equip- 
ment, particularly in measurement of 
bulk temperature, made it difficult 
to duplicate data within less than 
20% in this region. If, therefore, small 
observable in this region. 

The evaluation of the intercepts on 
the 1/U, vs. (1/n’)® graphs gives 
values for 1/h, + 1; +- ty for ae 
and cooling. These values were 
as fixed points on each graph once 
they were evaluated. The value for 
cooling agrees with the calculated 
value using h, = 180 for cooling 
water, k = 9.4 for Type 316 stain- 
less steel. Because the tank was new, 
r, was considered equal to zero. 


l/h, = 0.00555 

r, = 0.00163 
Calculated total = 0.00718 
Observed total = 0.0075 


For heating, the Wilson Plot inter- 
cept was found to be 0.005. This is 
high to the usual film re- 
sistance for condensing steam. No 
effort was made to remove noncon- 
densable gases from the input steam. 
The of these gases tends to 
decrease the condensing film coeffici- 
ent, therefore increasing the overall 
resistance. This may account for the 
high observed intercept. 

Data were duplicated to within 
20% for the water and corn syrup 
runs. All oil data were duplicated to 
within 5%. 
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Heat losses from the surface of the 
bulk liquid to the a here (am- 
bient temperature = 85°F) were es- 
timated at less than 5%. These losses, 
which compensate for the conversion 
to sensible heat of mechanical energy 
from the agitator, are neglected. 

A heat balance on the overall sys- 
tem yields agreement to within 20% 
for the heating condition and 15% 
for cooling. 


Conclusions 

Data for kettle side heat transfer 
film coefficients can be correlated by 
the following equations: 


054 (— ) 


1/3 


h,D L?np 2/3 
— = 0.745 


A 
Cpu 1/3 “0.14 
G) 
(5b) 


There is no difference in heat trans- 
fer coefficient because of additional 
baffling in this size vessel. Larger 
vessels, with much larger surface area, 
may show significant differences with 
variations in the number of baffles. 


( Baffled ) 
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Novel method 


( (sq. ft.) 
and the At from 17.3 to 218.8°F. 
Counts of active sites were obtained 


sites have the ability to initiate and 
to support the nucleation of vapor 
bubbles. The nature of active sites 
has been demonstrated conclusively 
(2, 10). They are tiny pits and 
scratches, although other 


Figures 1-4. Bottom to top: Plated 2-in. 
boiling surface; 

(1) Q/A=7680 Btu/(hr.) (sq.ft); At=— 
17.3°F; pH=4.6; N/A=0 ft.-?. 

(2) Q/A=27,900 Btu/{hr.) (sq.ft); At=— 
38.3°F; pH=4.6; N/A=489 ft.-?. 

(3) Q/A=28,900 Btu/(hr.) (sq.ft); At— 
37.3°F; pH=1.7; N/A=1220 

(4) Q/A= 200,000 Btu/(hr.) (sq.ft.); At=— 
47.2°F; pH=1.7; N/A=39,100 ft.-?. 
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for determining 


nucleate 


boiling sites 


perfections in the solid heat trans- 
fer surface may be active. 
The rate of heat transfer from a 


hot solid to a boilin — is un- 
doubtedly number 
bubble-producing sites and the 
of vapor production at each site. 
the temperature of the surface 
increased above the liquid satura- 
tion temperature, the number of ac- 
tive sites increases and is accompanied 
by a simultaneous increase in the heat 
transfer rate. The present work was 
designed to determine how 
these three items (Q/A, Af, and 
N/A) are related in absence of 
forced convection, for one liquid 
boiling on one solid, icularly over 
a wide range of heat fluxes. The 
difficult feature was the measurement 
of the number of active sites. A meth- 
od*® of simultaneous e lating 
during boiling was develo suc- 

y- This i counts of 
active sites located as dense as 1130 
per square inch. 

All prior counts of active sites dur- 
ing boiling were limited to low heat 
fluxes (3, 4, 5, 8) because a visual 
method of counting was employed. At 
high heat fluxes the number of sites 
is very large, the .ction Secon. 
and counting visually or i- 
cally through a window 

ible. mt work was un- 
to the possibility of 
boiling an aqueous solution of a metal 
salt in contact with an anode at at- 
mospheric pressure to see if the hot 
surface, the cathode, could be plated 
during boiling. It was e that 
bubbles being generated at the active 
sites would produce pin holes in the 


* Deposited in ADI. 


of 
rate 
As 
is 


+ 4 sites active 
boilin the — ucing 
“So of nick liquid t 
, was boi salts con aqueous = 
so. 
th no f tal, flat heric lids 
nique f tal, fat, copper surface, 
fei: vection. surface 
consisted of platin 
the on the g a thin sites 
rand 7,000 B um of 
N surface the nich photo- 
irtace 
2 


of 


0 100,000 
be- 
umns 
continued 


ion Service, 
ashington 25, D. C. Pi 


microfilm obtainable by remit- 


ting $3.75 or $2.00 


ted that immediatel 
maxiroum heat flux, co 


pplementary to this article has 


with A.D.1. Auziliary Publications Proj- 


ect, Photodu 
) (sq. ft.) the 


NEW TECHNIQUES 


The theory of Zuber and Tribus 
ft.) im (11, 12) utilizes a different concept 


on a tube, at heat fluxes up t 


Material su 
been 


Cc 
fre- 
is of wave formation for the analysis of 
dimensions the maximum heat flux. In this theory 


scattered at random. 
whereas 


iameter 


by 
of bubble evolution, which 


because the it is 


) (sg 
is 


These 


3 
38 


area is controlled 
‘Beu/ (hr 


0 the avera 


by the in 
g that occurred 


latin: 


P 


Around, each active ‘site in the Btu./ (hr 


2 
2 
2 


sites in a boiling liquid, a method of simultaneous 


electroplating during boiling was developed which 
successfully permitted counts of active sites as 


dense as 1130/sq. in. 


R. F. Garrrner* anp J. W. Westwater 


University of Illinois, Urbana, Illinois 
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plate, and these could be counted in other runs, and this would havo ‘COS eee 
subsequently at leisure. a serious problem. ee 
case. n Figures 1-4 a faint outline of 
fe circular junction between the 
greater thay ed surface and the : 
lord of he trac The 
th reco 
). The A 
presen 
h. The 
rtunat¢ le 
for solut 
pr electroplating. th r 
Th 
ces 5 
Lest flux v 
Btu./ (hr.) (sq. ft.), wi 
in At from 173 to g 
s of active sites were afte 
to 162,700/sq. ft. lin 
made with a newly pi 
. Some examples of 7 
of surfaces made 4 
re shown in Figures 
actual area repree — 
otographs is 2 square 
ws a 
of 
is low 
boiler | 
auxil ig 
emperatu 
Si 
in the 
convect 
pat transfe 
an be sees 
this are 
pinholes had been 
would have been cor I 
active sites produced 
208 
*R. F. Gaertner is now with well Kom 
eral Electric Corp., Se cttady, 1.) 8 and 
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Nucleate boiling site 


continued 


of liquid and vapor above the heated 
surface are ted by a certain 
critical wavelength, and are i 
cally arranged so that part of the 

ace is covered by vapor and part 
by liquid. Since the experimental runs 
were not carried to the maximum heat 
flux, the validity of the theory could 
not be tested. However, future ex- 
periments should be made with this 
object in mind, even if it results in 
a number of destructive burnouts of 
the heater. 


Discussion of Data 

The experimental relationship be- 
tween heat flux and the population 
of active sites on the heated surface 
is shown in Figure 5. At popula- 
in the 1.77 sq. in. test area, the num- 
ber of active sites was counted visu- 
ally. At low heat fluxes the number 
of active sites did not increase smooth- 
ly, but rather in a step-wise manner. 
Thus, it was difficult to fix a specified 
number of active sites on the surface 
by controlling the output of the 
heater. All counts greater than 325 
active sites/sq. ft. were obtained by 


N/A'-Number of active sites per 1.77 in. 


the electroplating technique. At low 
heat fluxes some scatter of data was 
obtained because a low pH solution 
was used which caused evolution 
of hydrogen on the cathode 
Sa This gassing occurs 
the solution has a pH less than 4.0 
(7). In these runs the hydrogen-evolv- 
ing sites became 
sites. The contribution of hydrogen 
evolution to the number of active sites 
was about five or six per 1.77 sq. in. 
Using the same solution at higher 
heat fluxes, however, no 
discrepancies. This can lained 
by the fact that if the contribution 
of hydrogen was the same at all heat 
fluxes, then this number of five or 
six is small compared to the 
number “true” active sites. The 
validity of this explanation was veri- 
fied by runs at low and intermediate 
heat hens using a solution having a 
pH of 4.6. No gassing was observed 
on the cathode, and the data fol- 
lowed the imental curve. In 
these runs the high pH solution gave 
a very shiny plated surface, whereas 
the low pH solution produced a dull 
gray surface. The latter condition was 
more suitable for counting the number 
of active sites because it gave better 
contrast. 


The of the data, Figure 5, 
shows the i ip between 
heat flux and active site population 
is ted the 


Q/A = (N/A)®47 
This is not a linear relationship, 


seen by dividing the above — 
by (N/A) to obtain the heat per 
active site. 

Q/N = 1400 (N/A)-** (2) 
The amount of heat attributed to each 
active site becomes less as the popu- 
lation of active sites increases. At the 
beginning of boiling, although most 
of the heat is transferred by con- 
vection, the first active site in the 
1.77-sq. in. test area (81 sites/sq. ft.), 
was associated with 141 Btu./hr. 
By comparison 


active site was 


To compare the above data with 
previous data obtained for water boil- 
ing on a horizontal surface, the ex- 
perimental results of several other in- 
vestigators are plotted in Figure 5. 


2 


ali 0.5 1 3 7 10 30 70100 300 7001000 3000 

*700 data for Ni-salt soln 9 
pH surface 
~ 

3 ® 1.7 copper 

@ 22 » (visual count ) 

100F- 4.6 “ 3 
Data for pure water 
2 4 author surface 
20+ @J&F 5 aged chromium 

The @K&Mg 3/0 copper 

4 

< 2r i 9 O 4 
a 2CopperO' 1 " 

100 1000 10, 000 100,000 


N/A.-Number of active sites per tft 


Figure 5. Heat flux as function of active site population. 
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(1) 
as 
Jakob (4) had originally proposed. The 
theory that each active site contrib- 
utes a quantized amount to the total 
heat flux may be true for a specified 
heat flux, but the amount is not the 
same at all heat fluxes. This may be 
317,000 Btu./(hr.)(sq. ft.) | 
MEE «associated with only 
1.95 Btu./hr. 
| 
60 


N/A'-Number of active sites per 1.77 in, 
30 70100 3007001000 3000 


0.5 1 


2 


Li 


700 


data for Ni-salt soln. 


surface 


4/0 copper 


(visual count 


Data for pure water 
author 
K&M 8 


T 


ToT weewew 


surface 
4/0 copper 
3/0 


h-Heat transfer coefficient, Btu./hr. °F 


100 


1000 


10, 000° 
N/A, -Number of active sites per ft. 


100, 000 
2 


Figure 6. Heat transfer coefficient as a function of active site population. 


The data of Kurihara and M (8) 
for a copper surface having different 
degrees of polish give a family of 
curves nearly parallel to that obtained 
for the nickel-salt solution. However, 
the data of Jakob and Fritz (5) and 
of Jakob and Linke (6) for a polished 
nickel surface give a different rela- 
tionship. The reason for this differ- 
ence may be the type of metal used 
for the boiling surface; however, the 
latter two groups of workers included 
active sites which occurred at the 
machined edge of their heated sur- 
face. There is no assurance that these 
behave exactly like sites on the flat 
area. 

The lation of active sites as 
a function of the heat transfer co- 


NOTATION 


Btu./(hr.) (sq. ft.) (°F) 
number of active sites on 
heated surface 

rate of heat transfer, Btu/hr. 
temperature-difference driving 
force (t,-t,), °F. 


efficient is plotted in Figure 6. At 
the lower end of the curve free con- 
veciion is controlling, and the heat 
transfer coefficient increases very 
slowly as the number of active sites 
increases. The knee of the curve cor- 
responds to the point where boiling 
becomes the principal mechanism of 
heat transfer. => populations greater 
than 500/ the curve can be 
ted equation: 

h = 49 (N/A)°** (3) 

The t in this tion is 
in the range 0.33 to 0.46 found by 
Nishikawa and by Kurihara and 
Myers. 


Conclusion 

Electroplating during boiling is a 
new tool for boiling research. The 
populations of active sites on a heated 
surface can now be determined at 
much greater heat fluxes than was 
possible by previous techniques. An 
analysis of information from addi- 
tional could lead to a 
unified theory for the entire range 
of nucleate boiling in which the sur- 
face condition, as well as nucleation 
and bubble growth, is treated as a 
variable. 
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Figure 1. Universal velocity distributions for films. (Parameter is ¢«’/».) 
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heat transfer in the late 20’s and early 
30’s indicated that the Nusselt rela- 
tionships (1) were conservative, es- 
peci at higher rates of flow. 
Colburn (2) suggested a semi-theo- 
retical relationship in 1934 to account 
for turbulent flow in the film. He as- 
sumed that the transition Reynolds 
number for the film was 2000, as it 
was for flow in pipes, and that there 
was no interfacial shear. Grigull (3) 
attempted to find a transition Reyn- 
olds number other than 2000 which, 
when used to predict heat transfer, 
would describe experiment more 
closely. However, none of these men- 
tioned, as well as many others not 
included, presents a unified 

which covers all cases and whi 
seems to describe experimental results. 


A model for film flow 
It is customary to consider flow in 
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Flow of thin utilize the 
densers, wetted wed by Deissler for the vis- 
coolers, core ADL cosity and thermal conductivity 
case of f Project, Photoduplication Service, Library ©8T & solid , thus intro- 
of Congress, Washington 25, D. C. Photo- ducing turbulent fluctuations close to 
prints or microfilm $7.50 or $2.75 re- the wall. Results are shown to 
spectinely. with the classical Nusselt relationships 
flow do not predicting the heat transfer coefficient facial shear. In the turbulent region 
the were of greater theoretical than prac- agreement is obtained with the em- 
fer. tical interest. However, recent trends ap relationships of Colburn for 
| on ¢ to higher transfer rates and especially ly developed turbulent flow in the 
/ : work on transpiration, film cooling, absence of interfacial shear and with 
and film evaporation have added a_ recent experimental data at high pres- 
on these experimental studies differ actical urgency to the long-standing sure drops. These results now provide 
from recent careful experimental 1 under- reliable values in the commercially 
values by from 50 to 500%. For many important region between these two 
years even a fairly wide discrepancy eoretical 
made little practical difference. In P| and heat transfer in thin the mathematical forms, solutions to 
conventional process equipment the equations are most of the equations were obtained 
resistance to heat transfer on the con- ey ge gg on an electronic computer. These nu- 
densed film side was small compared tion in thin vertical films. These re- merical results are presented graphic- 
to the other resistances. As a result sults are then used to calculate local ally for Reynolds numbers from 100 
even a sizeable error in the film side and average heat transfer coefficients to 50,000, and Prandtl numbers from 
coefficient introduced only a small as well as local film thickness. The 0.1 to 10.0 for a wide range of vapor 
error in the overall resistance and aay Na Giccmemtalipealous yg loadings, and compared in detail with 
heat transfer coefficient. With this falling evaporators, vertical con- recent experimental data for condens- 
situation, more accurate methods for densers and film cooling equipment. ing systems. 
Measurements of both flow and 
ey) 


purpose it is necessary to find a shear 
stress distribution equation and an ex- 
jon for the eddy viscosity. 

Since it is difficult to work with the 
point conditions, u and y, it is de- 
sirable to relate these variables, by 
. the integration of Equation (2), to an 
flow, with Reynolds numbers just external flow variable, the Reynolds 
slightly over the transition range, al- ’ number. For any given velocity dis- 

ne entire flow field is turbulent. tribution, the Reynolds number is uni- 
quely related to the film thickness, m. 

Equations (1) and (2) are con- 
cerned only with the mechanics of 
flow. Equation (3) deals with the 
heat transfer. To solve it requires a 
knowledge of the eddy thermal con- 
ductivity. The techniques of the an- 
motion is discarded. It is suggested alogies are based on the assumption 
that over the range of film Reynolds : , , that, in a convective field, momentum 
and energy are transported by similar 
mechanisms. This is equivalent to say- 
ing that the eddy viscosity and eddy 
thermal conductivity are equal, or 
uniquely related. This has been 
demonstrated by an increasing number 
of studies in recent years (10) (11). 
In general, the values of « and ¢q de- 

on position, y, and velocity, wu. 
t is therefore necessary to obtain a 
solution to the velocity distribution 
problem before being able to proceed 
with the solution of the heat transfer 
equation. The solution yields values 
of temperature vs. distance. If the heat 
flux at the wall is then divided by the 
overall temperature difference in the 
direction heat transfer, the heat 
transfer coefficient is obtained. 


200 300 500 1000-8 
i wae 


| 
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a conduit either laminar or turbulent, comes small, the shear stress is pro- 
Sy of portional to the velocity gradient, 
number. This model is not exact characterizing laminar flow. On the 
e but is reasonable and useful when, other hand, the point of fully devel- 
for turbulent flow, the portion of the > oped turbulent flow can be described } 
field in laminar flow is small. Such is as the position where the viscosity be- | 
the case for flow when the fluid fills comes small with respect to the <p, ; 
the pipe. The correlations of Rothfus F term. This equation must be solved 
and Prengle (6) can be used to show bo | for the velocity distribution. For this 
early related. At this same 
it is assumed that the hea 
linearly related to the tem 
(9) suggest the existence of damped a , | 
turbulent fluctuations starting at the ak 
wall. Wis suggested that nether true 
laminar nor fully developed turbulent = “ 
flow exists in the film, and any theory 4 
studying momentum and heat transfer 
must consider combined mechanisms E 
at all points in the film. 10 Nusselt eq. - , 
Theory 
The equations evolved in this devel- : BA 
opment are, in ral, too complex 
for analytical solution. Details of the " 
theoretical development and tables of ‘ 
important numerical solutions are in- et : 
cluded in the Appendix*. We will at- ue =. 3 
tempt to show here the broad outlines 100 pe 
* Appendix available from ADI as Docu- van 5 
ment No. 6058. Figure 3. Film thickness. 
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Figure 3a. Local coefficient Prandti No. 1.0. 


The to the solution of these 
equations, is a suitable expression for 
the turbulent terms. Eq. (4) 
and (5) show the forms used. 


For y* < 20, Deissler’s equation, 
€ = = (1 ~ (4) 


For y*+>20, von Karman’s equation 


In the Deissler equation (10), n is 
a numerical constant. Similarly, x, in 
the von Karman equation is a univer- 
sal constant. In the work reported here 
for films the same numerical values 
of n and y were used as have been 
suggested for flow in full tubes. 

A study of heat transfer in thin 
films represents a severe test of 
the equations by Deissler for 
eddy 4 thermal conductiv- 
ity in the wall region. It will be shown 
below that under many conditions of 
film flow, the dimensionless film 
thickness does not exceed 20. Thus 
the Deissler equation applies over the 
entire flow field. Agreement between 
data and theory is a powerful confir- 
mation of Equation 0 
the Deissler equation has been ap- 
plied only to the wall region in full 
pipe flow. In these cases, only a small 

ion of the flow field uses this 
equation. Comparison with over-all ex- 
perimental results is not as definitive. 
Velocity distribution. The velocity 
distributions in the liquid film are 
obtained from the following equa- 
tions. Details of the development and 


solution appear in the Appendix 


3 
T 
(6) 
To (4 + ==) dy* 
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(1 — (8) 


uantity w. on 


and fluid properties. 


i 


element. The shear stress at any point 
depends on the total film thickness, 
its weight and a term, o, which char- 
acterizes the interfacial shear due to 
a moving gas phase. Equation (7) is 
the total shear equation previously 

nted, written in i 
velocity and distance terms. Equation 
(8) is the differential equation for the 
velocity distribution in the wall region 
with the shear stress Equation (6) 
and the Deissler Equation (4) for 
eddy viscosity substituted. It is valid 
to maximum values of » = 20. An 
analytical solution to this non-linear 
equation is not available. Solutions 
were, therefore, obtained numeri 
using the Runga-Kutta method wi 
computations programmed and run 
on an IBM 650. Tabulated values of 
and were obtained for 

values of the parameter. o*/n 

between 1.0 and 0. 1, coverin 
a wide range of film thicknesses 
de of interfacial shear. 

n a similar manner, the differential 
equations for the turbulent zone 
(y>20) were set up and solved 
with the computer. The overall results 
for both zones are plotted in Fi 
1. It is important to note that, whi 
a single universal velocity distribution 
curve is used conventionally in full 
pipe flow, the universal ae distri- 

tion curve in the liquid film de- 

on this new parameter o*/». 

To obtain the velocity distribution 
for any conditions of interfacial shear, 
fluid properties, and flow rates, the 


Figure 4. Average coefficient, no interfacial shear. 


1.7 


parameter, o*/» is determined. Equa- 
tions by which’ this is evaluated are: 


(9) 


(10) 


(11) 


Equation (9) was from a 
mass balance. Equation (10) was 
evolved from a series of differential 
force balances and the definition of 
friction velocity, u , . Essentially, it re- 
lates this dimensionless term, o, to 
the forces due to interfacial shear as 
defined by 8 and the forces due to 
gravity acting on the liquid, as char- 
acterized by ». These equations were 
solved in the following way. A series 
of values of 8 were selected ranging 
from zero (no shear) to 4000 (very 
high shear rates). Then a series of 
va 


ues of » were selected. For each 
pair of values of 8 and », Equation 
(10) was solved by computer for oa, 


and the value of o*/» calculated. 
Equation (9) was then integrated nu- 
i using the velocity distribu- 
tion for that particular ¢*/y. The com- 
puter program for this integration and 
that described above to calculate the 
velocity distribution were coordinated 
so that punch card output of the first 
was used as input data to the second. 
The printout results of this calculation 
provided a table of values of R 
numbers and o*/» for each pair of 
values of dimensionless film thickness, 
», and dimensionless interfacial shear, 
f. From this table and Figure 1 it is 
possible to obtain the velocity distribu- 
tion for any film Reynolds number 
and interfacial shear. Figure 2 shows 
some typical velocity distributions at 
aR ds number of 182 and for 8 
varying from 0 to 40. Note that as the 
value of 8 increases the velocity at 
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0 
intert si q 
= 
bution equation, was developed from 2 pi? 
| a series of force balances on a fluid 


The calculation described for 

distribution and Reynolds number was 
extended to solve Equation (12). 
These results are shown in Figure 3. 
In this graph, the ordinate character- 
izes the liquid film thickness and the 
abscissa is the Reynolds number of 
the liquid at any point in the flow. 
(In a condensing system, the Reynolds 
number and film thickness vary down 
the tube). The parameter is the inter- 
facial shear variable, 8. Also plotted 
on this graph is the solution of the 
equation proposed by Nusselt for 
laminar flow. Note that for nc inter- 
facial shear (8 = 0) and low Reynolds 
numbers, the icts values 
in agreement with Nusselt. Note also 
that no sudden transition takes place 


GREEK SYMBOLS 
8 Dimensionless interface friction 
defined in equation (11) 
« Eddy viscosity, sq.ft/hr. 
«x Eddy thermal conductivity, 


Li 
Calcula 
from equation (10) 

Shear stress, Ib.,/sq-ft. 

To — stress at the wall, Ib.,/ 

x Sepeesneiiiiti constant for von 
Karman’s equation 

¢@ Two-phase pressure drop 
parameters 
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Figure 5. Pilot of path 


A=1.0 x 
constant lines 
constant A paths 


Pr.-0.5 


lines for condensation 
system with interfacial 
shear. 


at any one Reynolds number. In- 
creased interfacial shear in the direc- 
tion of motion (positive B) causes 
decreased film thickness. A similar 
series of curves could be prepared for 
negative values of 8 to represent 
countercurrent flow. No experimental 
data a to be available which 
report film thickness values with 
interfacial shear. Caly limited reliable 
data are available reporting film 
thickness in free flow. The data ob- 
— by — and Bergelin (12) 
w excellent agreement with the 
line for B = 0. 
Local heat transfer coefficient. The 
rate equation ~ local heat transfer at 
any point in the tube can be written 
in terms. Following 
Deissler (10) these expressions are: 


= 


PLPL a 
propio) dy* 


dt* 


+7 (13) 


qo 


(14) 


t, = Cpropiou* 


h. aty* (15) 


The solution to Equation (13) will 
give the dimensi temperature, 
t’, as a function of dimensionless dis- 
tance, y*. Once this result has been 
obtained, Equation (15) can be used 
to solve for the heat transfer coeffi- 
cient for each value of the dimension- 
less film thickness. To solve Eq. (13) 
several assumptions are needed. 

a. It is assumed that the eddy vis- 
cosity and eddy thermal con- 
— are equal. This is a 
reasonably good assumption in 
the region near the wall (11). In 
film flow, then, it should apply 
over the entire film. 
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b. The heat flux does not chan 
significantly through the thick- 
vess of the film and is equal to 
the flux at the wall. This assum 
tion is frequently made in 
application of the analogies to 
flow in pipes. While there may 
be some question about its suit- 
ability when the pipe is flowing 
full, it should be a very good as- 
sumption for thin films. 

c. The sical do not 
“ignificant y in the direc- 
tion of heat transfer. 


With these assumptions, uation 
(18) was solved on an IBM 650. 
— (4) was used for ¢, near the 
wall, and Equation (5) was substi- 
tuted when y’>20. The numerical re- 
sults obtained from the computer were 
in the form of a table of ¢t*-values 
for various values of y’. Using a rear- 
rangement of Equation (15) the com- 
puter was programmed to calculate 
and tabulate the local heat transfer co- 
efficient for a series of Prandtl num- 
bers. Calculations for velocity distribu- 
tion, described above, provided a tab- 
ulation of values of to 
a series of Reynold numbers B. 
By cross tabulating these two series of 
numerical results a table was obtained 
of the local coefficient as a function of 
the Reynolds number for various de- 


‘a- interfacial shear. Figure 3A 


results for one typical Prandtl 
No. Graphs for Pr = 0.1 to 10 a 
pear in the Appendix. It should 
noted that in all cases the heat trans- 
fer coefficient approaches the Nusselt 
values at very low Reynolds numbers 
where the interfacial shear is zero. 
Note also that this theory describes 
the variation in the heat transfer co- 
efficients over the entire flow range 
from laminar flow to flow where a 
considerable of the film is in 
turbulent motion. There is no sudden 
transition. In line with experiment, 
as the interfacial shear increases the 
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any value of y* increases. A detailed 
study of these curves and the shear emt 
stress show that at this low Reynolds 10.4 moe ; 
number the shear stress is proportional 
to the velocity gradient over the y’ ar? ‘Oe 
region from about 5.5, when P 
B is zero, Over this region, then, mo- 
mentum is transferred solely by a mo- 
ity between shear and velocity 
gradient ceases to exist at a 
imately equal to 3.5. This ie 
strates the fallacy of assuming, for 0.1 =: 
films, that the liquid Reynolds num- ad _— 10,000 
ber alone determines whether flow is Rey. 
laminar or turbulent. An important 
secondary variable is 2. 
Film thickness. The Nusselt film 
thickness can be readily calcu- 
lated pr the of and » have 
been obtained. From the definition = 
these terms Equation (12) can | 
developed. 
m = (12) 
ML 
| | 
| | 
sq.ft. 
» Value of aty = m 
pe Vapor viscosity, Ib.4/(ft.) (hr.) 
nz Liquid viscosity, Iby/(ft.) (hr.) 
pq Gas density, Ib.y/(cu-ft.) 
| 


Falling film 


continued 


olds number and 8 which exist at 
one position in the tube. If there is 
little or no condensation or evapora- 
tion in the film, such as in the case 
film cooling, the data can be used 
evaluate the coefficients over 


ient. The average coefficient for 

any condensing path can be evaluated 
from this information. 
Average coefficient for condensing 
systems. To evaluate the average co- 
efficient it is to integrate 
along the length of the tube. The 
applicable relation is shown as Equa- 
tion (16), where Re,» represents the 
Reynolds number of the condensate 
at the bottom of the tube and Re,, 
represents the local a number 
at any point along tube. This 
——- is based on the assumption 

constant wall-to-gas-temperature 
difference. However, as discussed 
Seban (5), variable temperature dit- 
ferences can be accommodated. 


va 
Reir 
hav( Re, (16) 


For the case of no interfacial shear 
this integration is straightforward 
using Figure 6°, and graphical pro- 
* Fig. 6 of the original work is available 
from ADI. 


pressure gradient 
and causing 8 to vary. To calculate 8 
and its variation, a method for deter- 


of gas and liquid (13). 


oo = 3.3X°” (17) 
The parameters, and X are the 
Martinelli 


TTT 


theoretical curve 
for Pr.= 1.9; A@=1.2 x 


= oCarpenter data for water 
Pr.#l.6-2.2; A*1,2-1.4 x 10° 


° 
© Colburn, Pr.«2.0— 


am" 
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Assuming that inlet gas to the con- 
denser tube is a saturated vapor, and 
total condensation of vapor occurs be- 
fore the end of the tube, the 


= A (Rezr — Ref? (18) 


(19) 


and temperature 
it was ed that A would typl- 
range from 1.0 x 10° to 2.0 x 


10°*. Computer solution for 8 was set 
up for a series of values of A between 


these limits and for terminal Ids 
numbers ranging from 100 to 50,000. 
The numerical results were then plot- 


Figure 7. Comparison of theoretical path with experiment— 
methanol. 


cedures. This work is over 
the entire numbers 
and for each tl number. Results 
) of this integration for zero interfacial 
| shear appear in Figure 4. These re- 
| heat transfer coefficient increases at sults are com with the 
a given Reynolds number. of the Nusselt equation at Reyn- 
These daly present olds number andthe Colburn 
of heat transfer as a function of R cal curves for two Prandtl num 
at higher Reynolds numbers. The 
theory — here covers the en- 0.250 pz"! poo 
each of the e theories in their oe oc 
respective ranges as well as covering 
the important intermediate region. 
section of the tube. However, if there } The path through the heat ex- 
is mass change, such as in condensa- Significant interfacial shear. Signifi- | 
| tion, some information must be de- interfacial shear exists in typical ur- Figure 
veloped about the condensing path Condenser tubes operating commer- 
along the tube to arrive at an avera cially. Furthermore, because of con- various Reynolds numbers 
densation along the tube, the amounts and a Prandtl number of 0.5 for the 
of liquid and vapor change along the .ondensed phase. Once reg is 
obtained it is possible to te the 
coefficient. For path 
Se a table is prepared of the Reyn- 
olds number, Re,., and the corres- 
and a ee ponding local coefficient term. The 
an empirical relationship for two- average coefficient is then obtained by 
phase pressure op er developed integration of Equation (16). By ex- 
using experimental data for two-phase mining the properties of a wide 
annular, concurrent, downward flow variety of substances at various con- 
Figure 6. Comparison of theory with data—water. 
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ted on the poin 
and these A to 
integrate for the average coefficient. 
Results of this series of integrations 
have been plotted in Figures 9 to 11° 
for several Prandtl numbers ranging 
from 0.1 to 10. These fi 
considered the desi 
cal downward co 
pendix includes oy for tl 
numbers of 0.1, 0.5, 1.0, 2.0, 5.0, and 
10.0 plotted on a coordinate grid. The 
results apply over a wide range of 
Reynolds numbers, fluid 
and tube sizes. They can be expected 
to apply to condensation in horizontal 
tubes at high Reynolds numbers, when 
annular flow exists over most of the 
tube length. It is important to note 


NOTATION 


A = Dimensionless group defined 
in equation (19) 

Cy, = Specific heat of 
Btu/(Ib) (°F) 

Cyre = Specific heat of the liquid at 
the wall, Btu/(Ib) (°F) 

D = Tube diameter, ft. 

F = Frictional pressure gradient 
divided li density, 

= Newton’s conversion factor, 
(Iby.) (sq.br.) 

= Acceleration of gravity, 
Ft/sq-hr. 

e coefficient over the 

ngth, Btu/(hr.) 
(eat) (°F) 

h, = Local 
Btu/(hr.) (sq.ft.) (°F) 

k, = Liquid thermal conductivity, 


ler equation 
Pr = Prandtl number 
q = Heat flux at an —enents 
Btu/ (hr.) 
Go = Heat flux at 
Btu/ (hr.) (sit) 


r = Tube radius, ft. 

Re,, = Local film Reynolds number 
for liquid, dimensionless 

Rey, = Terminal film Reynolds num- 
ber for liquid at the bottom 
of the tube, dimensionless 

t = Temperature, °F 

t, | = Temperature at the wall, °F 

t* = Dimensionless temperature 
defined in equation (14) 

u = Local velocity at position y, 
ft/hr. 

ut = Dimensionless velocity, u/u, 

u, = Friction velocity, ft./hr. 

y | = Distance from the wall, ft. 

y* = Dimensionless distance, u, pry 


that in the 
must be fixed to determine the aver- 


case three factors 


A com- 
parison between Figures 9-11° reveals 
that a low Prandtl number system 
with a high A will produce a hi 
heat transfer a than a high 
number ating un- 
der conditions of low uch of the 
very bad scatter in pifon data can 
be explained on this basis. 
Integration for cases where the 
vapor is not condensed, where 
some liquid enters with the gas, or 
where a large change in p 
takes place can be treated readily by 
coe the path equation and 
ocal coefficient graphs. 
Contnanntania flow cases may be 
treated after the numerical work is 
repeated for negative values of £. 


Comparison of theory 
with experiment 


Direct measurement of the con- 
densate coefficient has been difficult 
due to problems in the determination 
of the surface temperature. The alter- 
nate method of evaluating the con- 
densate resistance and t from 
overall coefficient measurements is 
usually inaccurate because of the low 
resistance of the condensation side 
compared to the other resistances in 
series. The most reliable data recently 
published seems to be that by Car- 
penter (15). Carpenter obtained both 
average and local coefficients for a 
series of substances. These data per- 
mit a test of the path equations pro- 
posed here as well as the theoretical 
results for the average coefficients of 
the graphs. Figure 6 shows the aver- 
age coefficient data for water as de- 
ter at various 


data covered a Prandtl number range 
ranging from 1.2 to 1.4. For com 
son, the theoretical prediction for a 
Prandtl number of 1.9 and an A of 1.2 
is plotted. The agreement here is 
satisfactory. Closer agreement is ob- 
tained if a series of theoretical curves 
is drawn covering the range of Prandtl 
numbers and A represented by the 
data. 

A more severe test of this theory is 
the evaluation of the equations which 
_— the path through the con- 

densate varies. Carpenter ted 
limited: data of this type. Shown in 
Figure~’?~ are the experimental re- 
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sults of one ter run for meth- 
anol where he determined the local 
coefficients and the ng 
Reynolds numbers. Also shown on the 
aph are the theoretical paths calcu- 
ted for terminal Reynolds numbers 
of 3000 and 5000 and interpolated for 
the conditions of the run. Agreement 
is seen to be very good. Note that 
although the theoretical curves are 
= for one Prandtl number, the 
andtl number of the condensate ac- 
tually varies down the tube. There is 
of more data of this sort to test 
further theoretical work. 


Conclusions 
Graphical relati have been 
presented which allow determina- 


tion of the velocity distribution, the 
liquid film thickness, the local heat 
transfer coefficient and the average 
coefficient over an entire condenser 
tube. These determinations can be 
made from the external flow rates, 
the ies of the fluids, and the 
tube dimensions. Final theoretical re- 
sults, when compared with experi- 
mental data give good agreement. In 
addition to justifying the several as- 
sumptions “7 in course of the 
development, this a ent ap 

to confirmed af 
the equation of Deissler for the eddy 


viscosity near a solid boundary. 
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edited, and 
ammed to ensure that missing Sta 
will be determined and that the para- 
meters involved in the pilot scale are 
such that extrapolation to full scale 
can be made with reasonable confi- 
dence. 

The en -contractor is oriented 
toward eventual design and construc- 
tion of full-scale plants. He is able to 
introduce into pilot-plant program- 
ming a number of important elements 
which otherwise might not receive 
early consideration. This premise is 
based on the assumption that the 
engineer-contractor will assume the 
oe for the design and in- 

ation of the pilot plant. The word 
“responsibility” may be open to chal- 
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the 


lenge in that the engineer-contractor 
is engaged to supplement and to work 
cooperatively with the client on a 
he rocesses which the client 
i evel in his laboratory, 
or has obtained others, or from 
literature research. 
The engineer-contractor, therefore, 
brings to the team a point of view 
directed toward the ultimate success 


cou wi 
view at the laboratory 
that the engineer-contractor’s 
ad know tase than BAD 
but rather that know less about 
the consideration. 
Familiarizing the engineer-contractor 
with the new am, its relation- 
= to the clients’ current activities, 
its place in the near future of the 
industry helps to crystallize the fac- 
tors essential to success. The engineer- 
contractor can then assist in focusing 
the program toward securing informa- 
tion actually required in the ultimate 
scale-up. 


Type of data required 


For the commercial develepment of 
a new process, the design engineer 


G. B. ZimmMerMAN AnD T. A. DuNGAN 
Bechtel Corporation 
San Francisco, Calif. 


An engineer 
contractor 
looks at 


pilot plant 


needs fundamental data rather 
than data of an engineering nature. 


Complete thermodynamic and 


physi- 
cal data are lack- 


bench-scale tests without resort to a 
costly pilot plant. When yield data 
are ired, it is often necessary, or 
at least desirable, to obtain this in- 
formation from a pilot plant, since the 
bench-scale apparatus is not always a 
reliable indication of the yields that 
may result under commercial condi- 
tions. It is also true that a pilot plant 
cannot give full-scale answers straight 
across board, since any 
less than full-scale involving chemical 
and physical processes, cannot pre- 
serve geometric similarity and main- 
tain chemical and physical > 
It is advisable to determine which 
type of similarity will give answers 
t can be extrapolated to full-scale 
with confidence. Sometimes, the com- 
bination of bench-scale data and pilot- 
plant data will indicate which type of 
similarity can best be preserved in the 
scale-up. In any event, the differences 
in behavior the pilot plant and 
bench scale will give as much im- 
portant information as the similarities. 
There is much fundamental data 
that can be scaled up to commercial 
design without the and travail 
of piloting. Fundamental data on 
duid flow, distillation, heat transfer, 
and many other chemical engineering 
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wag 
- There is a growing appreciation of 
the fact that the designer of com- 
mercial plants should in 
ment. ing at the inception of a project. 
The ultimate Paes of a pilot These can often be obtained by 
of time at the 
possible price, and the deter- 
mination by the most effective means 
; of the necessary data required for the 
design of a profit-making commercial of a full-scale plant. Being familiar 
i plant. Pilot plants are generally ex- with the design and construction of 
; pensive in dollars and in time. The large industrial processes, he is alert 
Wa data needed for full-scale design must to the type and kind of data which 
determine 7 
‘ be carefully analyzed to will be needed from pilot-plant opera 
‘ alternative means to arrive at ans- tion. This point of view is not often 
: wers that van be used with confidence 
i by the designers of the proposed 
i full-scale plant. The pilot program 
| 


SCALE-UP 


unit processes are ae amenable 
to scale-up without the pilot step. Of 
course, processes involving a new 
chemical engineering concept must be 
piloted. ten, processes involving 
solids handling, either as aerosols or 
as a fluid slurry, and mundane prob- 
lems such as solids transport be- 
have in such recalcitrant ways that 
some sort of pilot program is war- 
ranted to offset the possibility of a 
costly full-scale problem. 


Minimizing the 


pilot program 
Process piloting can often be mini- 
mized by first obtaining limited data 


from a sample plant incorporating 


demonstrate new process concept. 
With these data the design engineer 
can attempt a “first pass” through the 
process design. This ma 

in the available data which can then 
be plugged by further piloting limited 
toa In this the 
pilot program can be reduced to one 
with a few definite purposes, and the 


to production. It is quite likely that 
the engi can suggest simplifica- 
tions the pilot-plant program by 
virtue of his familiarity with com- 
mercial design and methods known to 
him, or available in the literature. It 


is often possible to provide the en- 


com- 
- pilot aw data have been de- 
ve . design engineer must be 
at ter problems. Compe- 
tent pilot work may be seriously mis- 
leading to the design engineer, unless 
he critically analyzes the pilot equip- 
ment, materials of construction, pro- 
gram, procedures, method of obtain- 
ing data and analyses, and the dura- 
tion of runs. He must anticipate what 
was not observed, as well as what 
was actually determined, because of 
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characteristics common to many pilot 
lant operations, such as: 
. Process steps which will use feed 


from commercial operations may 
dl iloted with thetic feed 

made up in laboratory. 
Trace impurities t in the 


commercial feed might affect the 
— results materially. 
ial operations involvin 


- tions of trace catalyst poisons. 
4. In small-scale pilot streams, the 
technique of sampling must be 
considered with regard to its 
effect on reaction equilibrium. 
5. Pilot plants are often assembled 
= from equipment on 
‘ construction materials 
may differ considerably from 
those which would be used in a 
large-scale plant. 


the effects of nickel, 
chromium, and other ma- 
terials be overlooked 


6. Various parts of the pilot 


may be considerably oversized 


because of ipment avail- 
ability. In fouling 
of lines and equi may go 
unnoticed through a pilot pro- 
gram. If these possibilities are 
not recognized, scale-up may 


from pilot plant work, neither of 
which manifests itself in labora- 


terru which would not oc- 
cur in full scale, and make it 
difficult to obtain accurate operat- 
ing data where smooth continu- 
ous processes, involving estab- 

equilibria, are indicated. 
The other class of data are the 
unforeseen problems which were 
not specifically sought, and yet 
are not iar to pilot-plant 


Engineer-contractor 
contributions 

The engi -contractor’s staff are 
familiar with “as built” costs, and are 
in a position to make realistic eco- 
nomic comparisons of alternate 
ess routes and equipment d 


esign. 
are trained to be hi cost-con- 


schedules. The staff is familiar with 
a large variety of processes and proc- 
ess equipment, some of which are 


likely to be applicable to the 


. Their knowledge re- 
lationship of the to the 
necessary service utility facilities 
may have important consequences on 
the comparative of alter- 
nate processes. This is true 
y such factors as pollution, 
stream pollution, and noise abate- 
ment, all enter into initial and - 
ating costs of modern plants. 
are factors added to the normal 
factors of plant location with respect 
to raw materials, markets, power and 
fuel, water, safety and fire protection, 
and by-product and waste disposal 
Competent research people are not 
generally so burdened with these 
auxiliary and consequential require- 
ments of commercial designs. 


A joint endeavor 
been established, the programming of 
the pilot plant and its detailed design 
can t from a joint development. 
By coming in from the “outside,” so 
to speak, and bein uired to an- 
alyze the vallable date from bench 
work, from fundamental literature re- 
search, and from the ideas given him 
by the client's staff, the engineer-con- 
tractor must soon crystallize the un- 
continued 


2. 
——_ streams are often difficult scale. These may provide early 
expensive to pilot. As a sim- warning of my to the 
plification of the pilot plant, the design of the -scale plant. . 
recycle may be simulated, or the 
stream synthesized. In this case, sy 
false conclusions may result from I. 
failure to assume the proper F 
equilibrium recycle composition ] 
in the lant. 
— 8. The chart duration of 
most pilot programs may prevent 
the recognition of slow accumula- a 
scious. They tend to seek out simple, 7 
rather than complicated, solutions to 
the problems. are conscious of 
the cost of time between the research 
stage and ultimate operation. They 
are used to working under tight 
time trom concept to commercial pro- 
duction may be significantly reduced. a 
Such a procedure may be particularly q 
desirable where competitive situations 
dictate a minimum time from conce 
type equipment, glass coils, glass- 7 
lined reactors, and plastic tub- 
ing may be used. In this way, 
ant 
information in the form of basic data. | 
The pilot plant may be simpiified, and 
the time required to obtain the neces- ; 
sary data reduced by addressing the 
oe program. to those specific data | 
ich cannot be predicted with con- 
7 not provide proper provisions for 
fidence by any other available means. sparing, cleanout, and allowance | 
for costly down time. 
Dangers in pilot data 7. Often two classes of data result ) 
work. One type is peculfar 
por to the pilot and would 
not exist in the full-scale plant. 
These are associated with the 
anomalies of scale-up similarity, 
solids handling, the effect of in- 
strumentation, and Jack of avail- 
ability of “scale-down” equip- 
ment of mechanical similarity to ; 
that which would be used in full- 
scale operation. Problems of this 
nature can cause delays and in- 
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fF 
i 


naiveté with to the client's 
business and . As 
an outsider, objectivity 


tion and data ich are needed for 


to the laboratory and plant staff 


Scale-up 
of mixer- 
settlers 


residence time (9). Many 


extraction for recovery of 
uranium from sulfuric acid leachin 
of ores. The uses di(2-ethyl- 


hexyl) phosphoric acid dissolved in 
kerosene modified with TBP as the 
solvent, which extracts uranium by 
cation exchange of uranyl and hydro- 
 seaig The uranium is stripped 
the solvent by an aqueous solu- 
tion of Na,CO, from which uranium 
is recovered by standard ipitation 
methods 


The basis for design of equipment 
operation study of the variables affect- 
ing rate of extraction in the mixer and 
phase separation in the settler. Scale- 
up relations were developed from 
data obtained in three sizes of geo- 
metrically similar units. This informa- 
tion, together with chemical flow 
sheet demonstration in laboratory- 
size multistage equipment, was used 
as a basis For esign of full-scale 
plants without operation of a pilot 
plant. 


Mixer 

The mixer was a baffled tank agi- 
tated by a flat-blade turbine centered 
in the liquid. The liquid depth was 
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R&D 
the type of Pee 
equipment, and in the selection of ap- 
propriate suppliers, as well as super- 
| ith the over-all coordination of the 
research staff with the engineers, and, | 
in addition, will have the responsibil- 
ity of scheduling and maintaining the ee |S 
"4 contractor's long-time position as an 
Conclusion 
| The engineer-contractor, participat- 
ing in the early programming —_ 
be of pilot plant work, brings to 
: client a different Seataiiensd. a some- 
3 what different point of view, and 
. haps even a certain amount of A trough mixer-settlers are one of 
y the oldest types of contactors used 
‘ for liquid-liquid extraction, there are 
an essential catalyst in the gelation More rarely has there been any at- 
4 of a sourd pilot program. tempt to verify the methods from the 
4 To obtain the necessary informa- operational data of full-scale plants. 
tion, it is likely that he will clarify Results of —~ studies of ag- 
: many concepts merely because of his tated vessels have suggested several 
® lack of intimate knowledge of the methods of scale-up m mixers. Miller 
and Mann (7) in their study of de- 
; iness. Retained in the position of gree of mixing in unbaffled tanks sug- 
a engineer-contractor at the pilot stage, gested scale-up by use of constant 
. he is given ready access to informa- t input per unit mixer volume; 
Flynn and Treybal (2) found that 
. the program. He is able to feed back stage efficiency was independent of 
. mixer size at constant energy input 
‘ unit volume liquid processed; and 
y round out design information m Karr and Scheibel (4) demonstrated 
% pertinent to commercial design. He scale-up as a function of powers of 
communication to obtain the different For , the suggested method 
; points of view which generally exist of scale-up often has been based on 
among research, engineering, oper: patents 
| tions, and sales. have been granted for particular set- 
a A serendipic benefit to the client tler configurations, but references to 
. is that, while they are pilot-planting experimental demonstration of scale- 
; a process, they are coincidentally up generally are not available. 
‘ ceroening an engineer-contractor. Investigation of design and scale-up 
i may have an eect Seats of mixer-settlers was a part of the 
: on the success of the plant. development of the Dapex (1) solvent 
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Flexibility is essential in pilot plant operation. Photo 


courtesy Deco Trefoil. 


A. D. Ryon, F. L. Datey, and R. S. Lowrie 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 


Table 1. Composition and physical 

properties. 

Solvent -—SYSTEM— 
Di( 2-ethylhexy]) A B 
phosphoric acid, 


Density, g./cc. 
Viscosity, centistoke 
Feed, g./l. 


we 


Interfacia 
dynes/cm. 18. 
Phase Ratio A/O 1 


oo 

» 


equal to the tank diameter. The di- 
mensions of the three sizes tested are 
shown in Figure 1. The power input 
to the mixer was calculated usin 
correlations of turbine size, speed, 
liquid properties as reported by Rush- 
ton (8) and Laity (5): 

= (K/g)pN*D* (1) 


The mixers were operated both 
batchwise and in continuous flow 
using two chemical systems (Table 
1) encompassing a range of han ot 
tions, solvent strengths, 
ratios typical of actual uranium mill 
solutions. The equilibrium distribu- 
tion of uranium for both is 
shown in Table 2. ania 

In the Dapex process, the rate of 
uranium extraction is first order with 
respect to uranium concentration in 
the aqueous phase. The rate constant 
for batch mixing, derived in a manner 
similar to that ed Hixson 
and Smith (3) Sa ” 

ka = —In (1-E) (I/t) (R/V) (2) 
The corresponding for con- 
tinuous flow, derived by the method 
of ree and Weber (6) is: 

= (E/-E) (l/t) (R/V) (3) 
ne the rate of extraction is ex- 
pressed in terms of stage efficiency, 
E; contact time, t; and fraction of 
aqueous phase in the mixer, R/V. The 
stage efficiency is the fractional ap- 
proach to equilibrium based on the 
uranium concentration in the aqueous 
phase. Because of the shape of the 
equilibrium and operating curves, 
there is very little difference between 
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here 
based on the 
The 

measuring the effect of power 
input, turbine to tank diameter ratio, 
and type of dispersion on the rate 
constant over a range of contact times 
for both chemical systems. Scale-up 
relations were determined batchwise 


Table 2. Equilibrium distribution of 


uranium. 
Cone. g. U/liter 
System A System B 
Aqueous SOLVENT Aqueous SOLVENT 
5.1 9.8 0.96 6.2 
4.3 9.2 0.57 5.6 
3.3 9.0 0.30 5.0 
2.4 8.6 0.20 4.5 
1.3 7.9 0.11 4.0 
0.44 6.2 0.034 8.3 
0.17 4.9 0.0138 2.2 
0.12 4.0 0.002 1.1 
0.045 2.6 
0.019 1.7 
0.010 1.1 
0.006 0.65 


in 6-, 12- and 20-in. diam. mixers 
and with continuous flow in 6- and 
12-in. mixers. All tests were made at 
25°C. 


continued on page 72 
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DIMENSION RATIOS °F TURBINE 
D:Op:L:W= 24:16:6:5 


Figure 1. Baffled tank mixers. 
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Tributylphosphate, 
35 30 
Diluent kerosene kerosene 
0.83 
2.4 
5.2 
Fet* 0.52 
Al 2.6 
V (total) 4.8 
1.4 
SO, 89 
H 0.3 
Densi ./ ec. 1.08 
gm 
Viscosity, centistoke 1.14 : 
| 


Figure 2. Typical rate of extraction in 12-in. batch mixer. 


continued 


Batch tests were made mixing 
aqueous feed and solvent a coe 
power input. Samples of the mixed 
phases were dipped from the mixer 
at selected time intervals and the rate 
of extraction was determined from 
analysis of the aqueous phase. Typi- 
cal rate curves, Fi 2, are — 
lines, as expected Equation (2), 
to about 95% of equilibrium. The 
intercept of the curves is displaced 
because extraction continues during 
the time required for the phases to 
— after the sample is taken. 

rate constant, ka, was calculated 
from the slope of the curve and the 
fraction of aqueous in the mixer ac- 
cording to Equation (2). 

The effect of turbine-tank diameter 
ratio, D/T, was measured in a 12-in. 
mixer with turbines 2-, 3-, 4-, 6- and 
8-in. diam. at speeds calculated to 
produce a constant power input of 
20 hp./1000 gal. The results in Fig- 
ure 3 show that the rate constant in- 
creases nearly linearly with decreasing 
D/T. The most efficient use of power 
was obtained using a small turbine 
rotating at a high speed, which is 
consistent with Rushton’s predictions 
(8) for mass transfer operations. 

Correlation of batch-rate constants 
with power input for both chemical 
systems in 6-, 12- and 20-in. diam. 
mixers at D/T ratio of % is shown in 
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Fi 4. The of the curve is 
about %, the rate of 
extraction is proportional to the cube 
root of power input over the entire 
range of 2.5 to 220 hp./1000 gal. The 
close a ent of data for each 

i system demonstrates that 
the rate of extraction is virtually inde- 
pendent of uranium concentration 
over the range of 1 to 5 g/l. On the 
average, ka was greater for a phase 
ratio (A/O) of 1/1, than for 4/1. 
Extrapolation of interfacial area data 
by Vermeulen (10) showed that the 
specific interfacial area at 1/1 is about 
1.4 times that at 4/1. Multiplying the 
values of the rate constants by this 
factor would reverse the relative posi- 
tions of the curves for different p 
rations in Figure 4 with about the 
same spread shown. 

The data in Figure 4 also show that 
the rate of extraction is virtually inde- 
pendent of mixer diameter, at constant 
power input per unit volume, over 
the entire range of power input 
studied. This provides a simple meth- 
od of scale-up based on constant pow- 


3 4 5 
TURBINE-TANK DIAMETER RATIO, D/T 


Figure 3. Effect of D/T on rate of extraction in batch mixer. 


RATE CONSTANT, 


SYSTEM 
8 
8 


° 


POWER INPUT, ti.p./1000 gol 


Figure 4. Batch extraction in baffled tank mixers. 
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RATE CONSTANT, ko, 


Figure 5. Stage efficiency of 6-in. mixer with 


continuous flow. 


er input per unit volume which was 


ann (7). Other correlations based 
on Weber or Reynolds numbers did 


not suggest better method of 
scale-up. 


Continuous flow 


Continuous-flow tests were made 
by operating the mixer with constant 
power input and constant flow of 
aqueous feed and solvent, and then 
sampling after steady state was estab- 
lished. In continuous flow, it is diffi- 
cult to obtain samples representative 
of the extraction that occurs in the 
mixer only, because extraction con- 
tinues during the time required for 
phase separation. T”e best correla- 
tion of rate constant with power — 
was obtained by sampling the di 
persed phase through a preferentially 
wetted porous filter directly from the 
mixer. Samples of solvent were ob- 
tained through fritted teflon and aque- 
ous phase through fritted glass. 

stage efficiency calculated from 
frit samples increased with increasing 
power input and residence time as 
shown in Fi 5. The rate constant, 
ka, the stage efficiency 
at constant power input is nearly in- 
ent of residence time over the 
range of 9.17 to 4.8 min., as predicted 
by Equation (3). The average rate 
constant at D/T = % plotted against 
er input, Figure 6, confirms the 
Batch correlation with respect to both 
power input and scale-up, although 
the values of ka are about % of those 
obtained with batch mixing. 

Because extraction continues during 
phase separation, the stage efficiency 
of a unit is than 
that measured in the mixer only, de- 
pending on the residence time of dis- 
persion in the settler. After the design 
of the settler is selected, the total 
contact time can be used in Equation 


input of 30 hp./1000 gl. 

rates of a and solvent 

and 70 a yr respectively, t- 
ing in a residence time of dispersion 
of 1.2 min. in each mixer and 1.4 min. 


in Figure 6, fits on the curve drawn 
for 6- and 12-in. mixers, confirming 
the scale-up relations developed in 
the models. 


Settler 

The variables affecting phase 
aration were determined 
a single mixer-settler unit in a cl 
circuit Figure 7. Phase separation in 
gravity settlers is characterized by a 
uniform dispersion band at the inter- 
face, the thickness of which serves 
as an index to flow capacity for vari- 
ous systems. The cacless was main- 
tained at the midpoint with an adjust- 
able gravity leg on the aqueous dis- 
charge stream. The dispersed phases 
flowed from the mixer by gravity and 
entered the settler at the interface 
level near the settler wall opposite 
the discharge nozzles. 

The flow capacity of settlers was 
determined for both oil-in-water and 
water-in-oil dispersions. Either type 
of dispersion can be made and main- 
tained by starting the agitator with 

continued 
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Table 3. Stage efficiency of plant mixer-settiers. 
7——Urantom ConcenTRATION IN Aquzous, 


MIXER 
Err.vent 
1.35 2.10 
0.073 0.40 
0.010 0.053 


STAGE 

No. FEED 
1 5.2 
2 1.62 
3 0.20 


Stace Erriciency,  — 
Mixer-SeETTLeR 
80.5 93.0 
78.7 91.6 
77.4 93.2 


SETTLER 
EFFLUENT 
1.62 
0.20 
0.023 


Table 4. Nominal flow capacity of settlers. 


Puase Ratio, 


A/O 
{1/2 
{l/l 
14/1 


Tyre or Dispersion 
Water-in-oil 


Oil-in-water 


Aqueous FLow Rare, 
GAL. /MIN./8Q. FT. 


Table 5. Dispersion band in plant settlers. 
SETTLER 


Temp., Rare, GAu./MIn. 
°C SOLVENT 
32 40 70 
40 230 230 


DiaAMETER, 
FT. 
7 
16 


* Corrected for temperature difference. (ORNL 2399). 
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SCALE-UP 4 
POWER INPUT, / 1000 gat 
RESIDENCE TIME 
| 
~ 2 0 100 
com. POWER INPUT, 1000 gol 
ee Figure 6. Rate of extraction in continuous flow mixers. | 
(3) to give the appr.<imate stage 
obtained from analysis of the Dapex - 
ore processing mill. The plant mixers 
tank mixers shown in Figure 1. Each ; 
mixer is 36 in. diam. with a power 
in each settler. The stage efficiency 
in mixer only, and in mixer-settler for ; 
three stages, is shown in Table 3. The 
rate constant based on the average 
stage efficiency of the mixer, plotted 
| 
6-IN. 22-1N. 48-IN. 
1,1 1.2 1.1 
1.1 1.5 1.1 
1.4 1.4 1.4 
4.4 4.6 4.1 
Dispersion THICKNESS, IN. 
ACTUAL PrepicTep® 
5.5 8.5 
5.5 4.5 


Mixer- settlers 
continued 
only one phase t and then start- 


ing the tiow ot the phase to be dis- 
persed. Either type can be formed 
and maintained even when the ratio 
of seen to continuous phase is as 
much as 3/1. The of ion 
is readily identified by 
electrical conductance: high conduct- 
ance indicates the water phase is con- 
tinuous (oil-in-water); low conduct- 
ance, oil is continuous (water-in-oil). 

At steady state, a distinct band of 
dispersion (of uniform thickness) ex- 
ists at the interface. The thickness of 
the band increases exponentially with 
increasing flow until the settler is 
flooded. By measuring the dispersion 
thickness as a function of flow rates, 
it is possible to define the relative 
effects of mixing power, flow patterns, 
and phase ratio on throughput ca- 
pacity of the settler for either oil-in- 
water or water-in-oil dispersions. 

Variation of power input to the 
mixer or flow distributors in the set- 
tlers have virtually no effect on the 
flow capacity of the settler. 

The results of tests in 6-, 22-, and 
48-in. diam. settlers at 25°C, are 
shown in Figure 8, where dispersion 
thickness. is plotted against aqueous 
flow rate per unit cross-sectional area, 
for both oil-in-water and water-in-oil 
dispersions at phase ratios (A/O) of 
1/2, 1/1, and 4/1. The result is a 
family of nearly parallel curves show- 
ing that the thickness _in- 
creases about sixfold when the flow 
rate is doubled. 


Each curve represents data obtained 
in three different diameter settlers at 


constant mixing conditions. The close 
agreement of data shows that the dis- 
persion thickness is independent of 
settler diameter over the range of flow 
rates tested. Consequently, the flow 
capacity is directly ndent on set- 
tler area. On the hand, the 
curves 


tions that most of the coalesceace oc- 


curs at the interface between the dis- 
— and the phase common to 
ispersed drops; very little coales- 
cense of drops occurs within the dis- 
persion band. Coalescence was also 
observed on the walls of the settler 
when the di phase wet the 
walls, i.e., water-in-oil-type dispersion 
in a glass vessel, or an oil-in-water 
dispersion in a plastic settler. The wall 
effect is significant in small settlers 
where the ratio of wall area to cross- 
sectional area is large. Therefore, for 
valid scale-up from small settlers, a 
ss vessel was used for oil-in-water 
i ion and a plastic vessel for the 
water-in-oil type. 

From the curves in Fi 8, the 
flow capacity of the settler can be de- 
fined in terms of flow rate per unit 
cross-sectional area at constant dis- 
persion thickness. The depth of the 
settler is primarily determined by the 
sensitivity of interface control system. 
For simple gravity leg control, a total 
liquid depth of 2 ft. is — suffi- 
cient for expected variations of dens- 
ity of the phases. The nominal flow 


A 
C; 


hi 


NOTATION 


interfacial area/unit 
vol. of mixer 
aqueous phase 
uranium conc. in 
aqueous feed 
uranium conc. in 
aqueous at time ¢ 
uranium conc. in 
aqueous raffinate 
uranium conc. in 
aqueous at equil. 
turbine diam. 


stage 


batch; E = 


continuous; 
c,-C, 


C,—C,, 

vity conversion 
actor 
turbine constant 
specific rate constant 
turbine 
solvent phase 
power input to mixer 
vol. of aqueous in 
mixer 
mixer diam. 
contact time in mixer 
vol. of mixer 


SOLVENT 


OISPERSION 


OISPERSION THICKNESS, 


Figure 7. Single mixer settler unit used for phase separa- 


tion tests. 
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AQUEOUS FLOW RATE. gol /min/sq 


Figure 8. Flow capacity of settlers. 


: 
| | a= 
Cc, 
: the flow capacity is much less de- 
pendent on dispersion thickness or Coq 
g = 
k 
N 
P 
R 
T 
t 
v 
p mean dispersion 
density 
: | rs ea for design purposes has been 
: arbitrarily selected as one half of the 
: flow rate causing flooding of the set- 
: tler, which for a 2-ft. deep settler 
would be at a flow rate giving a 5-in. 
or © 


The solvent extraction circuit is a complete circuit incorporating extraction mixers capable of 
the desired recirculation of the organic phase, settlers for separating the organic and aque- 
ous, and stripping mixers and settiers. Photo courtesy of Deco Trefoil. 


capacity can be selected at 

dispersion thickness because 
are parallel. 

ison of the nominal aque- 

ity of 6-, 22- and 48-in. 

rs (Table 4) demonstrates 


greater 
in-oil dispersions. 
Good agreement of plant data with 
that obtained in scale models, as 
shown in Table 5 and Figure 8, 
demonstrate valid scale-up of settlers 
based on flow rate per unit cross-sec- 
tional area. 
Entrainment 

Entrainment of solvent in the aque- 
ous phase was dependent on both the 
type of dispersion and phase ratio. 
With water-in-oil dispersions the en- 
trainment was consistently less than 
0.02% and with oil-in-water disper- 
sions it ranged from 0.02% at a phase 
ratio (A/O) of 1/1 to 0.3% at 4/1. 
This is consistent with the generaliza- 
tion that the continuous phase usually 
contains a haze of the dispersed phase 


after primary phase separation. 


Emulsions 

Phase-separation tests on samples 
of different plant-leach solutions re- 
vealed that the of colloidal 
silica or clay stabilized emulsions of 
the oil-in-water type. Emulsion forma- 
tion could be avoided almost com- 
pletely with these solutions by con- 
trolling the mixing to form a water-in- 
oil-type 

Conclusions 

1. The rate of uranium extraction 
in the Dapex process is proportional 
to the cube root of power input for 
both batch and continuous flow if the 
extraction in the mixer only is mea- 
sured. 

2. Mixers can be scaled-up by geo- 
metric similitude at constant power 
input per unit mixer volume, demon- 
strated in 6-, 12-, 20- and 36-in. diam. 
mixers, representing a volumetric 
scale-up ratio of 200 to 1. 

3. The flow capacity of settlers is 
characterized by a band of dispersion 
at the interface, the thickness of which 
is a measure of the approach to flood- 

4. Settlers can be scaled-up based 
on flow rate per unit cross-sectional 
in settlers 6 in. to 
16 diam., representing an area 
scale-up ratio of 1000 ~ 
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5. Control of mixing to form water- 
in-oil dispersions is recommended to 
minimize solvent entrainment and 
emulsions with solutions 
colloidal material which stabilize 
in-water emulsions. 
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STATISTICS 


Evolutionary 
operation 


A program for optimizing plant operation 
through the application of statistics to 


scale-up problems. 


TruMan L. 


Organic Chemicals Division 
American Cyanamil Co., Bound Brook, New Jersey 


When a process is transferred from 
the laboratory into full-scale equi 
ment, the relationship between between the 
variables remains a 

same. For example, if it is Sead te in 
the laboratory that as the tem 

is increased the yield rises to a maxi- 
mum and then falls, tely 
the same relationship be main- 
tained in t equipment. However, 
if 78°C as determined 
by a thermometer inserted in a 
beaker, it does not necessarily f 

that 78°C is the optimum as measured 
by a thermocouple in a large steel 
pot. Anyone with a 
tion process is aware of the difficulty 
in transferring conditions established 
in the laboratory, or ot plant, into 
full-scale equipment. situation is 
even clearer when mechanical vari- 
ables are considered. No imagination 


| 
™ 


Concentration (%) 


Figure 1. 


is required to see the difficulty in 
translating the revolutions per minute 
of a glass stirrer to the agitator of a 
tank. As a result, the contour system 
Pegs the relationship between 
les will usually be displaced 
effects, Figure 1. 
“When serious are en- 
countered in tin lant, or 
when there is reason to - that 
major im should be rapidly 
t over to experimental operation 
a short time. By using a carefully 
chosen statistical pattern, it is possible 
to test many factors in a limited per- 
iod of time. Of course, several maj 
difficulties are encountered with thi 


Plant 
Yield (%) 


4 s l2 16 
Concentration (%) 


Temperature (°C) 


The centour system describing the relationship between the variables 


will be displaced or even distorted because of scale-up effects. 
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array of properly car- 
ried throu In addition 

t some batches, as desig- 
nated by the design, will produce very 
_ yields, high levels of impurity, 


cure—a crash program. However, the 
vast majority of processes are just 
slightly ill, and when faced with the 
Production, ‘management. frequen 
ction, management frequently 
that the cure is worse than 

the disease. 


a process producing yields 80% 
theoretical, while o 
conditions will 
the to 
if not surpass, the 88%, but if 
ess is profitable at 80%, and sales ar 
heavy, the motivation to 
crash pro is weak i gag 
tionary Operation is designed for this ~ 
type of application. 


Natural evolution vs. 
evolutionary operation 


There are two basic elements in the 
of natural evolution: 
l. Variation 
2. Selection 
Since no two things are produced ex- 
=. in nature, 
. By some princi 
desirable members of the class under 
consideration are gradually reduced 
in favor of the desirable members. Be- 
cause the variation and selection are 


continuing processes, the group, gred- grad- 
ually moves toward optimum 
teristics. 


Evolutionary Operation emulates 
this natural process by artificially in- 
troducing variation and selection to 
the manufacturing process. They are 
introduced in yore | a way that there 
is little danger of producing unsatis- 
factory material, uction is not 
disrupted, and the normal plant per- 
sonnel can continue to operate the 

lant on a routine basis. Evolutionary 
Operation is a method of 
t tion, not something a 
Pied bes short-term basis. It 
by gradually pushing the to- 
its optimum operating condi- 
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| | 
; approach. By its very nature, the de- 
: sign will upset production, and raw | 
| special facilities and personnel 
i Laboratory 
: 95 
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85 
85 
80 
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tions. Since the method is permanent, 
only techni ues which can be readily 
ood by the manufacturing per- 


sonnel are used. 


General description 

variation, from the 
normal process varia » is intro- 
duced by means of pre- 
scribed pattern. The pattern requires 
that es be made in two or 
three control variables in the neigh- 
borhood of the standard operatin: 
conditions. Continued manufacture 
material under the conditions de- 
scribed by the pattern will allow in- 


Temperature (°C) 


Figure 2. Evolutionary Operation pat- 
tern for two controlled variables. 


formation to accumulate while ma- 
terial is being produced. To quote 
from Box, “The effects of the deliber- 


way that he can, at any moment, de- 
termine the advisability of moving 
the pattern, the cost of the program, 
etc. 


At Cyanamid we the form 
proposed by Box with few modifica- 
tions. In a number of cases we have 
taken advantage of the experience of 


Phase I 


Cycle 7 


RESPONSE % IMPURITY 
REQUIREMENT MINIMUM 
22} 525 490 c 22] 3.8 
Running N 21 530 N 21 4.1 
Averages Cc c 
540 531 3.8 4.4 
82 84 86 82 84 86 
Temperature (°C) Temperature (°C) 
95% ERROR LIMITS + 20 + 20 
Effects Temp. 0 0.38 t 
With Conc. -14.0 tw 0.08 2 0.29 
95% cxT 6.5 +10 0.08 t 0.29 
Error Change 
Limits In Mean 6.8 18 0.06 + 0.52 
STANDARD DEVIATION | 25.9 0.75 


Figure 3. The “information Board" where the data for the problem are 


tabulated. 


control engineers, and have 
= the Information Boards in the 
manuf, i areas. There have 
been examples where yields have in- 
creased merely because interest in the 
operation was evidenced. 


Details of the method 


To discuss the detail of Evobution- 
ary Operation, consider an example. 


Phase I 


As already mentioned, the first im- 
portant aspect of Evolutionary Oper- 
ation is that changes in control vari- 
ables are made according to a pre- 
scribed pattern. Figure 2 shows a pat- 
tern for two controlled variables. 
Position 0 represents the standard 
operating conditions of temperature 
and concentration. Positions 1, 2, 3, 


and 4 represent changes in the two 
Cycle 4 


Cost ( ¢/lb, over $2.00 ) 


Raw 
Material 


(1b) 78 


174 


Temperature (°C) 


74 


178 


95% 
ERROR LIMITS 
Temperature “1.75 1.60 
Raw Materials 2.25 $ 1.60 
T. R.M. -0.25 1.60 
C.L™M. -0.20 2,86 


Figure 4. The information Board as it appears after four cycles in 


Phase |. 
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22 ‘ 2 
ate changes in the variables will usu- 
ally be masked by large errors cus- | 
tomarily found on the full scale. * vs 78 | 
However, since production will con- bs 
tinue anyway, a cycle of variants 
which does not significantly affect 
production can be run almost indefi- 
nitely, and because of constant repeti- 
tion the effect of small changes can 
be detected.” 
The second essential component, 32 77 rl 
selection, is supplied by presenting 
the data gathered to the — | 
supervisor in an easily interpreta 
way so that changes toward improved — 
manufacture can be made. Box sug- PC 
gests an Information Board. In gen- 
eral, accumulated data are continu- 
ously recorded on a board in the | 
| 
77 


be made successively at each of the 
five itions in the order 0, 1, 2, 3, 
4, 0, 1, 2, 3, 4, and so on. Each 

of five runs is known as a cyc 
When convenient to do so, the order 
in which batches are produced is 
usually randomized. 

In the example in Fi 8, 
the program is still in P L 
that is, the pattern is still ting 
about the original standard condi- 
tions. Seven cycles have been com- 
pleted. At the top of the table are 
the responses being considered and 
the requirements for each. Below that 
ap the running averages calcu- 
lated through the seventh cycle. The 
running averages are posted in such 
a way as to make the relationship be- 
tween the variables as clear as pos- 
sible. Since these averages are esti- 
mates of the true response under the 
given conditions, it is essential that a 
measure of their reliability be avail- 
able. A measure of this reliability is 

ided by the 95% error limits. 
These limits are calculated by the 
formula +ts/\/n, where n is the 
number of cycles completed, s is the 
estimated standard deviation, and t is 
the appropriate quantity chosen from 
a table of the t-distribution. A variety 


tive procedures for estimating the 
standard deviation are give in refer- 


ence (3). 

Following this are the effects and 
their 95%-error limits. If the average 
at any point, i, is denoted by y, the 
effects and the error limits may be 
calculated by the following formulas: 
Source Effect Error Limits 
Temperature 

tion 
ion 
Change in Mean 
1/5 (ys tye t ys tyu—4yo) +2ts/\/Sn 

The numerical value of the temper- 
ature and concentration effects ap- 
proximate the change in the response 
when the conditions are shifted from 
the center position to either the high 
or low level. The interaction effect 
measures the dependence of the two 
variables. Fi the change in 
mean, which is merely the difference 
between the average of all the runs 
and the average at the center condi- 
tions, measures the change in the 
average due to introducing 
Evolutionary Operation. 

On the basis of the data supplied 
on the Information Board, the process 
supervisor can decide whether the 

should continue to be cycled 


+ts/2\/n_ 
+ts/2\/n 


to this de of accuracy 
precisely, this event, ie., 
average equals 530, 490, etc., has a 
robability of greater than 5% for all 
thesized values of the true mean 
that lie within the interval defined by 
the 95%-error limits). Similarly, the 
effect, —11, associated with tempera- 
ture, is in the same sense good to 
+10. The 95% level of probability is, 
of course, an arbitrary level of cer- 
tainty, the choice of which depends 
entirely on the environment. 

If gta supervisor decides to 
modify operation, several possible 
choices are: 

1. Relocate the pattern so that 
one of the corner points becomes the 
new center. 

2. Len the interval over 
which one or both of the variables is 
being examined. 

8. Explore a path that is indi- 
cated as leading toward improving 
conditions. 

4. Replace the old variables with 
new ones. 

A few comments should be made 
with regard to the relationship of the 
effect recorded to the surface of the 


of probability levels is available in process 
the table. It is clear from the formula around the initial pattern or whether response variable. If the surface in 
that the am can be continued the ation sh be modified. He the locale of Evolutionary tion 
until the quantity ts/\/n is reduced _ will make this decision partly by con- _ pattern is planar, it is completely de- 
to any desired size. Several alterna- sidering the magnitude and direction scribed by the two main effects. In 
Pince Cycle 7 Phase III Cycle 5 
Cost ( ¢/Ib. over $2.00 ) Cost ( ¢/Ib. over $2.00 ) 
73 72 73 72 
Ra Raw 
71 Material 
(Ib. ) ( Ib,) 70 
30 70 70 
74 75 
178 182 
Temperature (°C) 178 182 
Temperature (°C) 
SOURCE» EFFECT ERROD LIM SOURCE EFFECT 
Temperature -0.25 1.10 Temperature 0 1,46, 
Raw Material 1.25 1.10 Raw Material -1.00 ; 1.46 
T. x R.M -0.25 2 1.10 T. x R. M. -0.50 : 1.46 
c. LM. 0.20 1.97 M. 2.80 + 2.61 
Figure 5. As Phase I! appeared on the Information Figure 6. The shape of the surface in the locale of the 


pattern changed drastically from Phases | and II. 
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variables, considered to be small with of the effects of the variables rela- 

. respect to their effect on two re- tive to the error limits. These error 

yield, ‘and percent impurity. limits supply a yardstick 

If this is a batch process, batches will against which the reliability of any 

: conclusion can be checked. For ex- 
ample, the limits +20 imply roughly 

; that the values, 530, 490, etc., are 

Board after seven cycles. 
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this case the path toward improved 
operation is quite clear. If, on the 
other hand, a large interaction or 
change-in-mean effect is found, the 
assumption of planarity is not tenable. 
While the running averages will pro- 
vide hints as to the nature of the non- 
planarity, a technique described in 
reference (2) is used for further ex- 
ploration. 

Concerning the number of vari- 
ables that can be conveniently run, it 
has been our experience at Cyanamid 
that two-variable are prob- 
ably to be seen, or inauguration 
purposes. However, as production 
personnel become familiar with the 
technique, we encour2ge them to take 
advantage of the increased efficiency 
of the three-variable pattern. 


Selection of control variables 
When it has been agreed that an 
Evolutionary ation program 
should be initiated on a given process, 
a choice of control variables must be 
made. As the program proceeds the 
effect Ae these variables will decrease 
as their optimam 
levels. Co uently, when their pos- 
sible additional contribution reaches 
an economic minimum, they will be 
dropped from the am in favor 
of new variables. Therefore a continu- 
ing supply of ideas regardin; ble 
purpose Box recommends that Evolu- 


committees be es- 


These committees are comprised of 
people of different disciplines with 
interest in the process. The. nucleus 
of such a committee might be the 
manufacturing mel, a research 
chemist thorou familiar with the 
reaction, and a engineer 

ion of this committee is to 
operation of the program. During 
held monthly for 


of interpre re- 
for modification of the 
program will be generated. 


production in 
which we view the performance of 
Evolutionary Operation as less than 
ideal, there is one common deficiency 
—-no functioning Evolutionary Opera- 
tion committees. It has become quite 
clear that when there is no feedback 
of ideas to research, when little 
thought is given to the selection of 
new variables, the lifeblood of Evo- 
lutionary Operation is cut off. The 
establishment of these committees in 
all areas heads our list of things to be 
done. 


As an example of the function of 
the Evolutionary Operation commit- 
tee in a particvlar process in which 
the main reaction was carried out in 
a large steel tank, one of the condi- 
tions of interest was the agitation 
rate. The agitator, as in most large- 


scale units, did not have a variab 
drive, and a capital expendi- 
ture to install one for investigative 
was out of the question. 
cage the process supervisor 


In cele conversation with a 
chemical engineer of considerable ex- 
perience, the suggestion was made to 
insert an air line in the tank and 
sparge the contents in addition to the 
normal agitation. This system 
vides the upper and lower levels of 


an Evolutionary Operation pattern, 


even a center t if the air 
pressure is ated. On the basis of 
this trial, it will become clear whether 


or not additional money should be 
spent to allow optimization of the 
agitation rate. This kind of sugges- 


oe le in addition to the nucleus 
ute to the meetings. An accountant, a 
statistician, and a person familiar 


uct are examples 


An example of 
an actual program 

In setting up Evolutionary Opera- 
tion on the product in this example, 
two control variables were chosen. 

1. Temperature, °C 

2. Raw Lb. 
The response was cost. 
After four cycles, the information 
board a: as in Figure 4. 

An examination of the averages and 
the derived effects indicated that 
lower cost is obtained at the higher 
temperature and lower raw material 
usage. The 95%-error limits indicated 
that our judgment with =~ to 
these effects had some substance. The 
apparent lack of curvature in the por- 
tion of the surface on which the pat- 
tern is resting encouraged us to use 
the (178°, 32 Ib.) point as the upper 
left point in the new pattern. 

After seven cycles, Phase II ap- 
peared as in Figure 5. 

The effect of temperature had de- 
creased sharply and, when viewed 
against the error limits, we failed to 
see any signal with respect to a favor- 
able direction. The raw material 
effect and error limits on the other 
hand implied that still lower costs 
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could be obtained by a reduction in 
the raw material usage. 

Peripheral considerations tempered 
our judgment in relocating the pat- 
tern for Phase III. It was known that 
the stoichiometric amount of the raw 
material was about 25 Ib. However, 
experience indicated that an excess 
was . Feeling, therefore, 
that the critical point might be quite 
close, the production supervisor sug- 
—_ that the pattern be shifted 

ownward just one pound. 

As seen in Figure 6, this decision 
was a wise one. 

The shape of the surface in the 
locale of the pattern a to have 
changed drastically that in 
Phases I and II. 
effect became quite prominent. 

Actually it is important to point out 
that the five-point pattern is inca 
able of completely describing 
nature of the curvature, and we have 
in a number of cases augmented the 
pattern to gain increased information. 
On this process, however, a long list 
of variables was waiting to be tried, 
and it was decided to set temperature 
and raw material at 180°C and 30 
pounds, respectively, and proceed 
with two other cai. 


Conclusion 


Our experience with Evolutionary 
Operation has been gratifying. Un- 
fortunately our program is still too 
immature to report the over-all eco- 
nomic . There is little doubt that 
it will considerable. Perhaps it is 
equally important to point out that 
the concept of Evolutionary Opera- 
tion is gradually being instilled as a 
normal method of production. We 
feel confident the Evolutionary 
Operation will be increasingly ex- 
panded in our manufacturing area. 
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PROCESSES 


Chlorination 


of ilmenite 


ina 


fluidized 


‘Tesaien and its alloys have assumed 
great importance in recent years due 
to their increasing use as corrosion 
resistant materials. Ilmenite and rutile 
ores constitute the main raw materials 
for the production of titanium metal. 
One widely used process involves 
chlorination of the ores to titanium 
tetrachloride and the subsequent re- 
duction of the tetrachloride to metal- 
lic titanium. 

The chlorination of ilmenite can be 
accomplished either in a one-step 
avent Th 4, 7, 16) in which iron 
and titanium are simultaneously 
chlorinated or in a two- process 
(14, 15, 17), consisting of the prefer- 
ential chlorination of iron followed by 
chlorination of titanium. 

The bulk of reported literature on 
this subj woe a chlorination in 
a static 
agent. This method is attended by the 

temperature distribu- 
rine and the briquettes have a tend- 
ency to distintegrate in the reactor. 
na conducting the tion 
of the Cas ted. 

Data reported in the literature on 
the fluidized bed chlorination of 
almost entirely to the 

simultaneous chlorination of 
both iron and titanium contents 


*Dr. 
bon Co. Ltd., Calcutta. 
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bed 


bon (2, 3, 5, 12, 18) or carbon mon- 
oxide (19). In one patent (3) carbon 
tetrachloride has been mentioned as a 
chlorinating and reducing 


sade carbon as a 
for ilmenite in a fluid- 
conde to ga- 
of the ore and carbon in - 


over of carbon is also likely 


to occur. Use of gaseous reducing 
agents such as carbon monoxide may, 


o,— 
a, Uz 
Ue 


A. CO Generator 
B CO, Absorber 
Reactor 
D - Condenser 
& Manometers 
TC- Thermocoy'+ 

D 

lroa 
ccl, KI soln 


Figure 1. Schematic diagram of apparatus. 
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E of the ore. The reducing agents gen- panded bed due to the density differ- 
| ithe . ence between the two solids. A selec- 
tive carry 
| | 
: efore, advantageous. 
| agent. The present investigation was 
T undertaken to study the preferential 
| redu chlorination of iron in a fluidized bed 
‘ ized of ilmenite, using carbon monoxide as 
| tion the reducing agent. 
A co 
| 


a 


Table 2. Sieve Analysis of limenite 


Size 

+60 
—60+ 85 
—85+100 
—100+ 120 
—120 


flow of N, increased in 
the ore in a fluidized 

void sintering. 
of CO from the soda lime 
tower was adjusted to the required 
rate and let out into the atmosphere 
at M; Cl, was introduced at the re- 
age rate and was removed from 
+ system at the point N. When the 
reactor reached a steady temperature, 
the flow of nitrogen was stopped and 
the two-way at M rm were 


Figure 2. Equilib- 
rium conversions 
of to FeCl, 
and TiO, to 
as functions of 
temperature. 


immediately manipulated to turn the 
CO-Cl, mixture into the reactor. 
As the reaction is exothermic, the 
temperature at the start of a run was 
kept about 25°C. lower than re- 
quired. It rose to the desired value in 
less than a minute and at this stage 
the heat input was manually con- 
stant 
reaction products left the re- 

the glass cyclone at the 

through a condenser 

chlorides were 

an 


The 
actor 


= 


by checking the weight of charge 
against the combined weights of 
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residue and iron oxides reacted. The 
average error was less than 5%. 

The total volume of each of the 
gases in the exit stream during any 
run, ie., CO, CO, and Cl,, was de- 
termined from a knowledge of the 
total Cl, absorbed, the volume of CO 
fed, and the analysis of the gas col- 
lected after chlorine absorption. 

In order to determine whether any 
TiO, in the ore was undergoing 
chlorination, a few residues were 


cnotyend for TiO,. It was found that 
the loss of TiO, through chlorination 
was less than 1%. 


Results 


Iron is present in ilmenite both as 
FeO and Fe,O,. The chlorination of 
these oxides according to re- 
actions (1), (2), and (3). 


2 FeO + 200+ 
2 FeCl, + 2.CO, 


2 FeCl, + Cl, = 2 FeCl, .... (2) 
Fe,0, + 3 CO + $3 Cl, = 


A rigorous 4 
mination of the degree of chlorination 
of iron in ilmenite would require a 
knowledge of the extent to which 
each of the two iron oxides has been 
chlorinated. Since the FeCl, formed 
from FeO tends to be further chlorin- 
ated to FeCl,, the degree to which 
FeO and Fe,O, have individually re- 
acted cannot be ascertained by an 
analysis of the products for FeCl, 
and FeCl,. It would therefore be 
necessary to analyze the residue for 
FeO and Fe,O, after each run and 
even this tedious procedure would 
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Experimental 
Iimenite used in this investigation 
was supplied the Travancore 
Minerals Ltd., aye. Its composi- 
analysis are shown in 
1 2, respectively. The 
—60-+85 fraction was the 
experiments. 
A diagrammatic sketch of the ex- 
pomeees assembly is shown in 
igure 1. As carbon monoxide cylin- 
ders were not available, the gas was 
prepared from carbon dioxide in an . 
auxiliary reactor. Carbon dioxide from 
oxide generator (A) which consisted 
of a 1-in. diam. 30 in. long vitre- 
wire filled with carbon granules. f 
packed with 1 7 
The chlorins ly Fe,0,+ 3CO + 2FeCl, 
of a vitreosil s 
ite ore rested at the bottom Mi . 
the reactor over a 5-in. height of 
pure beads, Provision was made 
flushing the reactor with nitrogen 
and for measuring temperatures me 
the of the reactor by means 
The procedure for carrying out a : 
run was as follows: The heating of 
the CO generator and chlorination re- 
actor was commenced and a slow i. 
stream of N, was passed through the 
or O,. The required quantity of ard 
Table 1. Chemical Com bler containing carbon tetrachloride 9 Fal 
fay 2 FeCl, + 3 CO, .......(3) 
sorbed chlorine was fixed in a 10% KI - 
solution. The residual gases were col- 
FeO 11.00 lected for analysis in 
23.44 bottle. It may be men that 
SiO, 1.40 phosgene formation from CO and Cl, 
Rest (V:Os, AlO,, etc.) 1.26 is negligible in the absence of a cata- 
lyst (active carbon). 
At the end of each run, the iron | 
were analyzed for combined 
% By Wr. chlorine and iron. CCl, and the KI 
10.0 solution were analyzed for Cl, and ! 
59.0 the gaseous products for CO and CO,,. ) 
9.0 An over-all mass balance was made _ 
5.0 


Ilmenite 
continued 


assume negligible reduction of Fe,O, 
to FeO by CO. 

A simpler and more i 
method of estimating the degree of 
chlorination of iron oxides is to de- 
termine the extent of the over-all re- 
moval of FeO and Fe,O,, irrespective 
of the degree of chlorination of the 
individual oxides. The over-all chlorin- 


per a of FeO is 1.48 g., provided 
all the FeCl, is converted to FeCl, 
[reactions (1) and (2)], while that 
required of Fe,O, is 1.33 g. 
. The assumption that 
all the FeCl, is converted to FeCl, is 


been assumed for simplicity in 
investigation that iron is 
ilmenite entirely as Fe,O,. 

The brium conversions of 
Fe,O, to FeCl, and of TiO, to TiCl, 
were calculated at various tempera- 
tures and are plotted in Figure 2. It is 
seen that the reverse reactions are 
negligible both for TiO, and Fe,O, at 
temperatures below about 1000°C. 
Also, at temperatures up to about 
1000°C, it is possible to remove the 
entire quantity of Fe,O, from ilmen- 
ite, the kinetics of the two reactions 


1,0 
2 0.8 
0.6 
N 
0.4 
2 0.25 
0 
Figure 4. Effect of ratio ! 
of CO to Cl, in feed on 
chiorination of Fe,O, 
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Fraction Fe,03 Reacted 


500.600 700 800 900 1000 


Temperature, °C 


Figure 3. Effect of temperature on chlorination of Fe,O. in 


ilmenite. 


controlling the extent of the 

ential chlorination of Fe,O,. ond 
this temperature, the reverse reaction 
in the case of Fe,O, is accelerated to 
such a degree that the chlorination of 
Fe,O, at equilibrium becomes de- 
creasingly preferential. Even if the 
rate of chlorination of Fe,O, is accel- 
erated to a greater extent than that of 
TiO,, the degree of chlorination of 
Fe,O, at higher temperatures is 
limited by the equilibrium conversion 


of Fe,O,. 
i A few 


runs were made to comes the 
effect of tem ture on prefer- 
ential chlorination of iron oxides. The 
rate of total gaseous feed (CO +- Cl,) 
was fixed at 910 cc./min. which was 
considerably higher than the mini- 
mum rate for effective fluidization 
of a 50-g. charge of ilmenite. The gas 


volumes are at S.T.P. 

t this paper. The ratio of 
CO to Cl, was held constant at 1.5, 
and runs were made at various con- 
stant temperatures ranging from 700 
to 1000°C. Results are shown in 
Figure 3. It is evident that the con- 
version increases wy” | with tem- 
perature up to about 900°C. Beyond 
this temperature, although the i- 
librium conversion would tend to hil, 


no reduction in conversion was 


exceed 1000°C. The nature of Figure 
3 also suggests that there is perhaps 
a change in reaction mechanism 
around 750°C. 
One of the factors affecting the de- 
of chlorination is rub ratio of CO 
to in the . To 


1.2 23 


16 1.7 1.8 


co/ Cl, 
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| | : 
046 | 
ation rates can then be expressed in 
: terms of a single oxide. 3 = 
: The amount of chlorine required es 
= | 1100 1200 
3 valid (as shown later) except for runs 
of duration. It will thus be 
seen that the error introduced by as- 
suming the iron to be present as 
ae Fe,O, when all of it is present as 
ae FeO is 10%. As only a third of the 
iron in ilmenite is present as FeO, the 
nM error involved would be of the order 
7 of 3% n in ilmenite is 
| assume It has therefore 
noticed in our experiments as the 
: maximum temperature used did not 
19 2,0 


Fraction Fe 20, Reacted 


0.4 / q 0 5 10 15 20 25 30 35 
Feed Velocity, ft/min, 


Figure 6. Effect of feed velocity on chlorination of Fe_O.. 


4 
02 O04 8.6 O08 1.0 L2 Le 


a, Fed/ Stoichiometric quantity required 


made with a 50-g. charge of ilmenite the theoretical requirement, Figure 5 ure 5 shows that for the removal of 
at 900°C. The rate of gaseous feed indicates that the Fe,O, reacted ex- about 97% of Fe,O,, almost 1.5 times 
was maintained at 910 cc./min. The ceeds the theoretical quantity cal- the stoichiometric requirement of 
amount of Cl, was fixed at the quan- culated from Equation (3). This dis- chlorine is ; 

tity theoreti required [Equation crepancy can be explained as follows: Effect of mass transfer. In most of 
(3)] for the chlorination of all the during the early stages of chlorina- the investigations reported in the lit- 
iron in ilmenite, the rate of CO and _ tion, FeO is chlorinated to a much erature on the kinetics of solid-gas 
duration of run being varied to obtain larger extent than Fe,O, and the reactions in fluidized beds (8-11), 
different ratios of CO to Cl, atacon- FeCl, formed does not undergo mass transfer did not materially affect 
stant total volumetric feed rate. The further chlorination to FeCl,. It was the reaction rates. Kivnick and Hixson 
results are shown in Figure 4. It is observed, for example, that in a run (8), working on the reduction of 


seen that there is an optimum - of 5-min. duration at 900°C, the nickel oxide, showed that mass trans- 
missible ratio of CO to cl. in the amount of FeCl, formed constituted fer has a significant effect on reaction 
which is about 1.6. 82% of the total iron chlorides pro- rates. Wetherill and Furnas (22) ob- 


Another series of runs was made to duced. On the other hand, no FeCl, served that mass transfer influences 
determine the effect of the amount of was formed in the product after a run the kinetics of iron ore reduction by 
chlorine fed on the degree of chlor- of 45-min. duration. It would there- hydrogen and carbon monoxide in a 
ination of the iron oxides. In these fore appear that in runs of short dura- fixed bed. 
runs, the ratio of CO to Cl, was held tion, reaction (1) predominates and At low gas velocities, the fluid film 
constant at 1.6, and 75 g. of charge the discr arises out of the fact surrounding the solid particles is 
were fluidized at a total gaseous feed that all c tions in the present in- likely to offer neste a resistance 
rate of 1040 cc./min. and at 900°C. vestigation have been based on the to the transport of reactants and prod- 
The amount of chlorine fed was assumption that chlorination occurs ucts between the bulk of the gas 
varied by making runs of various according to reaction (3), irrespective stream and the solid surfaces, par- 


durations. The experimental data are of the duration of a run. ticularly for cases where the chemical 

plotted in Figure 5. The amount of chlorine required reaction is rapid. For this reason, rate 

Up to the stage where the amount increases rapidly as the fraction of data involving fixed beds are usually 

of fed is below about 70% of Fe,O, left in the bed decreases. Fig- continued 
Table 3. Effect of Mass Transfer on the Chiorination 


Duration of run: 20 min. 
1,610 

Temperature: 750°C. 
Ratio of CO to CL: 


Mass 


Run Cl,Ratre CORate FEED Cuarnce Reacrep Resipur BALANCE Fe,O, Reacrep | 
No. cc./Mrm. cc./Mm. Fr. /Mm, G. G. G. Error, Wr. Fraction | 
55 270 430 16.83 50 43 45.12 — 1.16 0.239 
61 320 510 20.20 60 5.68 59.96 — 0.60 0.268 
36 400 640 25.24 75 8.55 66.34 — 0.15 0.3819 


65 455 725 


— 0.94 0.290 | 
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Figure 5. Chlorine requirement as a func- 
tion of reacted. 
VELOocITY OF | 
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Figure 7. Product gas volumes as function of reaction time at 750°C. 


obtained at velocities high enough to 
eliminate mass transfer effects. Use of 
such high velocities is, however, often 
impractical in fluidized beds. 

A series of runs was made to de- 
termine whether mass transfer influ- 
enced the reaction rate in the present 
investigation. These iments were 
conducted at 750°C and at a CO/Cl, 
ratio of 1.6. The weight of ilmenite 
and the gaseous feed rate were inde- 
pendently varied from 50 to 85 g. 
and 16.83 to 28.60 ft./min., respec- 
tively, while maintaining a constant 
initial W/F ratio of 1610. Data are 
oe in Table 8 and plotted in 

igure 6. 

Figure 6 indicates that at low vel- 
ocities, the conversion increases ap- 
preciably with increase in velocity 
while beyond a velocity of about 25 
ft./min., it is substantially independ- 
ent of velocity. This should also be 
true at higher temperatures since a 
flow rate par nay to 25 ft./min. 
at pr would give higher velocities 
at hi temperatures. A ntly, 
the ea of mass transfer ee 
rate is significant only at the lower 
velocities. 

According to the two-phase con- 
cept of fluidization oT by 
Too and Juhnstone (21), gus- 
solid fluidized beds can be divided 
into a dense phase and a disperse 
phase. Part of the gas generally 
passes through the bed in ets or 
channels which collectively form the 
disperse phase while the rest of the 
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ges supporting the bed constitutes the 
a At the velocity of incipi- 
ent fluidization there is no 
phase, but as the vel is increased 
the amount of gas op torte of that 
required for incipient fluidization 
xb rise to the disperse phase while 
gas stream moving at the velocity 
of incipient fluidization constitutes 
the dense phase. Shen and Johnstone 
(20) suggest that the increase in 
over-all reaction rate with velocity 
may be attributed to the effect of gas 
velocity on mass transfer between 
two phases. 

It has been observed in the present 
investigation that the reaction rate 
does not increase indefinitely with 
velocity as would conceivably be the 
case if mass transfer between the two 
phases of fluidization were the con- 
trolling mass transfer step, but tends 
to reach a practi constant value 
at velocities above about 25 ft./min. 
This indicates that resistance to dif- 
fusion across the film surrounding the 
solid particles is perhaps the controll- 
ling mass transfer 
transfer between the two phases of 
the fluidized bed as suggested by 
Shen and Johnstone (20). Detailed 
attempts have not been made to study 
mass transfer effects in this investiga- 
tion. 

Kinetic is. An of the 
mechanism 
would involve the development of 
various rate equations and selection 
of the most plausible one for each of 
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and not mass 


, but 
for the 
of the 

solid. In noncatalytic gas-solid reac- 
tions, where the solid participates in 
the reaction, A,, changes as reac- 
tion progresses; it id therefore be 


LingAR 
DURATION Gas 

Run Temp. or Run VELocriTy 
No. *c. MIN Fr./Min. 
Kl 900 30 28.96 
K2 30 
KS 25 7 
K4 25 > 
20 
K6 20 
K7 15 
K8 15 
K9 af 10 
K10 of 10 if 
Kil 5 
K12 5 
K18 825 35 27.10 
35 
K15 25 2 
K16 25 
K17 15 
K18 15 
K19 5 
K20 5 
K21 750 60 25.24 
K22 60 “ 
K23 40 
K24 30 
K25 30 
K26 20 
K27 10 


46090-— 320 the chemical steps involved. Such a 
procedure is not justified where sim- 
‘emp. 730°C P g assump can be as 
: mean that the constants of the rate 
“2000 equations. In these equations, as in 
faces, there are the usual! kinetic, po- 
necessary to express A,, 48 a function 
| of conversion in order that the rate 
equation may be useful. 
i In the present complex reaction it 
is not possible to express A,, in terms 
Table 4. Experimental Kinetic Data 


Figure 8. Product gas 
volumes as function of 
reaction time at 825°C. 


of conversion, but if the decrease in 
the solids weight is taken into account 
in evaluating W/F, then we shall 
have a method of ing conver- 
sion in terms of W/F. The various 
values of W/F are obtained by de- 
termining W at different 

identical with v; catalyst 
of W’/F in a catalytic integral reactor 
as against the more common 

ure of varying F at constant W. 
In steady-state catalytic flow re- 
actions, the conversion under given 
conditions is independent of time but 
in the present batch reactor conver- 
sion changes progressively with time. 


Temp. 825°C 


(r) expressed -moles Cl, re- 
pik Gill of fron 


> PROCESSES 


per minute. By a mass balance across 
a differential width of bed at any in- 
stant of process time, one obtains 


rdw = Fdx (4), 
or W/F = (1/r)dx (5). 


Unlike gaseous reactions catalyzed 
solid surfaces, where Equation (4 
holds for an entire run under fixed 
operating conditions, in this case W, 
x and r all vary with process time but 
at any instant, the mass balance 
sented by Equation (4) is satished. 
Thus, if r can be expressed in terms 
of a Langmuir-type rate equation, W 
can be calculated from Equation (5) 
by integration of the term (1/r) 
between appropriate limits. 

If the instantaneous pres- 
sures of CO, CO, and in the exit 
stream can be determined by a con- 
tinuous automatic method, or a known 
amount of gas collected over a period 
of 4@ minutes and the partial pres- 
sures of the gases assumed to be the 
instantaneous values at time @ +- A6/2, 
these values may be d used for 
correlation. Another whereby 
the instantaneous partial pressures of 
the gases may be computed is by de- 
termining the instantaneous volumes 
of the gases by graphical differentia- 
tion of the experimentally determined 
volume-time curves. This last method 
is the most convenient for small-scale 


Total feed rate: 1040 cc./min. 


Wt. of ilmenite: 75 g. 


Ratio of CO to Cl: 1.6 


Fe,O, 
REACTED 


WEIcHtT 


Torat Votume Exrr Gases 


Cl 


mm. He. 


1145 


~ 
to 


CHEMICAL ENGINEERING PROGRESS, (Vol. 55, No. 10) 


October 1959 


PapTiac Pressure Exrr Gases 


14000 
12000 
co 
4000 
2000 
Time, min. 
At the beginning of a run, when proc- 
ess time is zero, W is equal to the 
initial weight of iron oxide in the bed; . 
F being constant throughout the run, | 
W/F has the maximum value at the 
ture of the conversion vs. W/F curves ; 
for catalytic reactions, it can be read- 
ily seen that the reaction rate is low- 
est at this point. The oe of 
reaction rate would be in the 
final stages of a run when W/F has a 
very low value. 
In the development that follows, 
chlorine will be considered as the 
key ~ and the reaction rate ; 
OVERALL 
or Mass FRACTION 
REsipuE BALANCE Fe,O, cc. At S. T. P. 
G. G. Error, REACTED co, co Por Poos Poo 
23.50 51.36 —0.2 0.870 mz 8710 10490 41.4 $15.2 379.6 
23.63 50.68 — 0.92 0.875 mz 9380 9820 43.7 338.5 $54.3 ) 
22.46 51.46 —144 0.830 8700 7300 16.2 390.3 $27.5 _ 
21.92 52.40 — 0.92 0.812 8700 7300 22.4 389.4 $26.8 ) 
19.05 55.70 — 0.33 0.705 7206 5591 10.7 408.8 S174 ) 
18.30 56.00 — 0.66 0.678 6451 6349 15.9 366.1 360.2 
15.92 58.90 — 0.24 0.590 5175 4425 3.1 $97.2 339.6 
15.70 59.10 — 0.27 0.582 5552 4088 15 425.1 $13.0 
11.72 62.80 — 0.64 0.434 3968 2432 0.6 457.6 280.5 ; 
11.54 62.90 — 0.76 0.427 4211 2189 0.6 485.9 252.5 
5.95 68.40 — 0.88 0.220 2170 1030 1.2 502.4 238.4 
6.23 68.26 — 0.68 0.231 21638 1087 0.7 501.2 240.3 
20.80 53.69 — 0.68 0.770 9093 13307 89.4 268.5 393.1 
20.00 54.42 — 0.78 0.741 8826 13584 120.7 247.8 381.3 ) 
15.36 58.91 — 1.08 0.569 1962 5952 10048 82.5 250.1 422.3 hs 
18.30 56.16 — 0.72 0.678 1615 7520 8480 68.5 319.0 359.7 | 
12.57 61.75 — 0.92 0.465 773 4570 5030 55.6 $28.7 361.8 
12.76 61.32 —1.24 0.433 937 4426 5174 66.6 $146 ~ 367.7 
5.26 68.92 -—1.17 0.195 13 2168 1087 3.0 504.0 241.6 | 
5.10 69.61 — 0.40 0.189 25 1658 1542 5.8 384.8 357.9 | 
16.60 55.50 — 3.90 0.615 14000 7616 13784 199.5 108.6 438.7 
18.25 55.63 — 150 0.680 14360 8553 29847 201.9 120.3 419.8 
14.16 60.87 0.04 0.598 8030 5530 20070 179.6 123.7 448.7 
11.10 63.54 — 0.48 0.411 5780 4510 14690 173.8 135.6 441.6 
13.60 63.05 2.20 0.504 6190 4610 14590 183.1 136.3 48L5 
8.55 66.34 —0.15 0.317 3438 2777 10023 158.8 128.2 462.8 ; 
4.52 70.44 — 0.06 0.167 1510 1390 5050 142.8 1314 4775 | 
85 | 


Figure 9. Product gas volumes as function of reaction time at 900°C. 


laboratory reactors and has been used 
in the present study. -The amount of 
chlorine reacting at any instant is 
calculated from feed rate and the 
instantaneous unconverted chlorine. 
From this the conversion, x (moles 
Cl, reacted/per mole feed), can be 
computed. Reaction rate, r, can then 
be Gbtained by graphical differentia- 
tion of the W/F vs. x curve. 

Kinetic data and correlation. Runs 
were made at three temperatures, 750, 
825 and 900°C. The total feed rate 
was held constant at 1940 cc./min. 
At this rate the gas velocities at 750, 
825 and 900°C were 25.24, 27.10 and 
28.96 ft./min., respectively. It is clear 


from Figure 6 that the influence of 
mass transfer is negligible at these 
velocities. Kinetic data obtained at a 
feed rate of 1040 cc./min. would 
therefore be independent of mass 
transfer effects. The ratio of CO to 
Cl, was maintained at 1.6 and the 
weight of ilmenite charged was 75 g. 
for each run. The only variable for an 
series was the duration of run, whi 
was varied from 5 to 60 min. The 
experimental data are shown in Table 
4 


In Figure 7 the volumes of the 
product gases, CO, CO,, and Cl,, are 
plotted as function of reaction time 
at 750°C. Similar curves for 825 and 


Table 5. Summary of calculated results. 


%, Moles Cl, Converted / Mole Feed 


Figure 10. Instantaneous conversion 
of Cl, as a function of W/F. 


curves of Figures 7-9. In Table 5 are 
summarized the values of poo, Pooz 
and pq, and the corresponding values 
of x at various times. Fi 
plot of x vs. W/F. Differentiation of 
the curves of Figure 10 gave the 
values of the reaction rate, r, for var- 
ious values of W (or W/F) as shown 
in Table 5. 

The rate data have been correlated 
in the following manner. It is reason- 
able to assume that the rate of re- 
action would be proportional to the 


Wt. of ilmenite: 75 g. 
Total feed rate, F: 0.0465 g.-moles/min. 
Ratio of COto Cl,: 1.6 
Duration Temperature Cl, converTepD OxIDE 
OF RUN °C. MOLES/MOLE FEED IN (W)* W/F REACTION RATE INSTANTANEOUS PARTIAL PRESSURES 
MIN. Gc. r.10* Poco Pcoz Po 
10 750 0.225 22.48 484 $3.96 0.455 0.290 0.312 
20 750 0.198 18.45 397 4.13 0.432 0.276 0.348 
30 750 0.171 15.90 341 4.37 0.417 0.255 0.383 
40 750 0.135 12.84 276 4.64 0.401 0.222 0.483 
5 825 0.346 21.80 470 2.11 0.455 0.533 0.066 
15° 825 0.300 14.30 308 4.58 0.547 0.374 0.129 
25 825 0.250 11.64 250 6.72 0.596 0.274 0.184 
35 825 0.157 6.20 133 8.95 0.629 0.187 0.231 
10 900 0.381 15.40 332 0.526 0.432 0.563 0.006 
15 900 0.365 11.15 240 2.71 0.500 0.488 0.031 
20 900 0.344 8.00 172 6.40 0.525 0.415 0.070 
25 900 0.275 4.65 100 14.20 0.560 0.291 0.149 
30 900 0.212 2.80 60 20.60 0.592 0.206 0.203 


*Average values of two (or more) runs. 
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ve 
PC i 
900°C appear in Figures 8 and 9, 
ge of the gases were obtained 
graphical differentiation of the 


Table 6. Temperature dependence of rate constants. 


RaTE Const. TEMPERATURE VALUE OF 


i 


INTERCEPT 


Eg. (7) 
-E 


39,000 7.73x10" 


~ 


15,300 10° 


16,200 1.0210" 


10° 


285| 888| 


i 


Table 6. It was found that these con- 
stants could be correlated with tem- 
peratures (Figure 11) by an Arrhen- 


(7). 
The values of the intercept A and 


Rate Constant 


0.001 


30 


slope E for the four constants are 
Figure 11 that the rate constant, 


k, appearing in the numerator of 


of a rate tion. As has 

been pointed out this is pally 
fact that Equation (6) is empirical 
and these constants have consequent- 
ly no thermodynamic significance. 

The correlations presented may be 
verified by oe r from Equa- 
tion (6) using the values of the con- 
stants ob from Equation (7) and 
evaluating W,'F from Equation (5) 
by graphical integration. The values 

W obtained in this manner are 
plotted against the experimental 
values at g process 
times in Figure 12. It can be seen 
that the agreement is good, the aver- 
age error being about 8% and maxi- 
mum error 18%. 

Graphical determination of W/F 
is often tedious and may be substi- 
tuted by analytical integration of 

uation (6), provided that the re- 

ting expression is not too cumber- 
some to use. 

Assuming that the reaction pro- 
ceeds entirely according to Equation 
(3), Poo» Poor Po can be 
in terms of a (moles CO/min.), b 


i 


10 15 20 25 30 
W ( Experimental ) 


12. Comparison of experimental values 
with 
6). 


those calculated from Eqs. (5) 


Figure 11. Relationship between rate constants 
and temperature. 


> PROCESSES 
> 
perature. This is contrary to the 
usual behavior of adsorption con- 
k stants a aring in the denominator 7: 
ks 13,600 
partial pressures of 4 an of 
entire | presented = 6), 
above is based on that i k Poo Pea (6) 
the solid may be ta- ; 
lyst thoughy (1+ poo + ke + Paw) 
action, the smenable WS found to fit the data well. The 
to a type o includes #Verage deviation for each tempera- : 
an a ti tempera- ture was of the order of 5 percent. | 
io ode consideration, the reverse The values of the rate constants 
2). Also, in order for the rate equa- ree temperatures are recorded in E 
tion to be useful, it should contain : 
which can be readily evaluated from I 
the exit gas stream. Accordingly, ius-type equation, : 
FeCl, has not been considered in 
| 
| 
| = — 
ae 5 
0.3 
0.2 Figur | 
\ 
0.1 and 
0.04 
0.03 
0.02 
0.0008 0.0009 
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IImenite 
continued 


(moles Cl,/min.) and x. Su 

the rate equation, written in terms 
these values, in Equation (5) and in- 
tegrating between the limits x and 0, 
one obtains, 


W/F = 
In (a — a + bx) 


(a + b) 


-- In (b —a + 56x) 
(a+b) 


Ina + 


In b 
(a+b) (a+b) (8) 


where 
(a+b) +ka+k,b 


VE 


k, (1+k, 


C = 2 AB + Bt (a+b) 
D = A* — 


D Cc 
— (a—b) 


F = — (E+C) 


To determine the amount of iron ox- 
ides remaining unreacted at in- 
stant, the values of poo, Poo: Pow 
may be readily determined at that in- 
stant and the ing value of 
x, when substituted in Equation (8), 

Ids with an average of 
11%. 


process 
time. weight of Fe,O, in the ore 
stream, and ore the value of 
W/fF, are constants for an entire run 


idization run at a time cor- 
responding to an ¥e,0, weight of 


CO as reducing agent in a 

2. The optimum conditions for the 
ferential chlorination of iron oxides 
ve been determined: ratio of CO to 

Cl, in feed, 1.6; temperature of chlor- 

ination, 900°C. To remove about 97% 

of iron oxides, almost 1.5 times the 

theoretical quantity of chlorine is 


tions. 
using batch reactor data by treat- 


The four rate constants appearing in 
the equation have been individ 
correlated with temperature according 
to an Arrhenius-type equation. 


Thanks are to the Di- 
rector, National ical Laboratory, 
for permission to publish the results of 
this investigation. 

NOTATION 


A = intercept of Eq. (7). 
A,, = surface area of reacting solid/ 
unit volume. 


t = temperature, °* C. 

W = weight of iron oxide in bed, g. 

x = chlorine conversion, moles Cl, 
converted/mole total feed. 

6 = time, min. J 

A6 = a finite interval of time, min. 
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Let W, be the weight of Fe,Q, ACKNOWLEDGMENT 
| in the bed in a given continuous fluid- 
ization run at steady state and r, the 
i: reaction rate. Then the 
sures of CO, CO,, and 
| effect be identical with the instantane- 
f i ous partial pressure values for a batch 
| r,. Thus the rate equation developed 
for batch fuidization using instantane- 
ous partial pressures can also be used «a = CO in feed, g.-moles/min. 
for continuous fluidization. Converse- 
ly, a rate equation can be developed 
with a continuous fluidization re- © = slope of Eq. (7). 
| actor by making a plurality of runs, F = total feed rate, g~-moles/min. 
Pode Pras = pressures 
ly established as in the case of any . 
pec ion. The r = reaction rate, dx/d(W/F), moles 
E F ytic reaction. rate equation Cl, Vg, iron in 
a thus developed can be used to predict i em oxide in bed/ 
the value of W at any instant in a , 
; batch reactor. T = temperature, ° K. 
|| 1. The chlorination of iron oxides in 
ilmenite has been accomplished with- 
out any particular difficulty by usin 
| 
| 
ss influence the reaction at gaseous feed ee 
velocities below about 25 ft./min. (to New Jersey fins Oo), US. 
a Beyond this value, the over-all reac- 
tion rate has been found — inde- 
pendent of feed velocity. indi- 
cates that probably the mass transfer 
step involved is resistance to diffusion 
across the film surrounding the solid 
particles and not mass transfer be- 
tween the dense and disperse phases 
of fluidization which has beer sug- 
(20) as an mass (1952). 
step in bed reac- "Ind 41, 1227 (1949). 
Continuous fluidization. In continu- 
ous fluidization a steady state of > 
eration is achieved as indicated by ing this solid-gas, noncatalytic, heter- 
conversion reaching a constant value ogeneous reaction in a manner ana- 
that is determined solely by the op- ogous to that for gaseous reactions 
allowance the decreasing so 
weight. This equation has been shown ---- 
to hold for continous fluidization also. 19. Saure fabric Schweitserhall, Brit. Pat. 
as in the case of any catalytic reac- 20, Shen, ©, Y- and Ht. F. Johnstone, AJ.CA.E. 
. tion. The of CO, J., 1, 849 (1955). 
CO,, and in the exit gases will Progr.. 48, 220, (1982). 
also be independent of time. 
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at FLINTKOTE’S Chicago Heights plant: 


13 years continuous operation prove 
advantages of TURBO asphalt oxidizers 


Thirteen years ago three General American TURBO asphalt oxidizers were installed at Flintkote 
Company's Chicago Heights plant. The units were piped to operate either individually as batch 
oxidizers for special products or in series for asphalt blowing. They require less than 15 hp each, 
and each is capable of handling up to 1000 cfm of air. They afford a rise in the melting point of as- 
phalting material, varying from 12 to 20 degrees per hour, depending on the type of flux being produced. 

For thirteen years the units have been in continuous operation, providing advantages of low 
power consumption, high air efficiency and accurate control of product specification. 

The Flintkote installation is typical of TURBO asphalting equipment installed during a 25 year 
period to give higher production rates per still, lower power costs and less down time. TURBO units 
are safer to operate, need less top steam and less firing because of greater heat generation in the asphalt. 

Ask for a TURBO engineer to discuss application of TURBO equipment to your needs. WRASITT 


Process Equipment Division 
TURBO-MIXERS 


FOR DETAILED INFORMATION AND USEFUL DESIGN DATA, SEND GENERAL AMERICAN 


FOR THE FOLLOWING BULLETINS: 
Please send me the following Turbo- Mixer Bulletin (s): TRANSPORTATION 


General Turbo-Mixer Bulletin CORPORATION 


RDC Extraction Column Bulletin____ 135 South LaSalle Street _ 
Chicago 3, Illinois . Offices in principal cities 


For more information, turn te Dota Service card, circle No. 10 
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COMPUTER 
PROGRAM 


abstracts 


Based on the interest which has been to date, the Machine 


Computation Committee is ding to have the following manuals 
published 


prepared, reviewed, and : 

Con- 
Asstract No. ProcRAM CoMPuUTER TRIBUTOR 
006 Line Siz IBM 650 McKee 
018 iq.-Liq. Heat Exchanger Design IBM 650 Esso Res. 
020 Multicomponent Distillation Datatron 205 Dow 
016 Non-Linear Estimation IBM 704 IBM 


The Machine Computation Committee of the A.1-Ch.E. is interested 
in receiving program abstracts. Once again the Committee wishes 
to emphasize the three rules for participation in the interchange 


am: 
1) Abstracts submitted for publication must follow the form 
published in CEP (January, 1959) and in the Guide. 
2) Abstracts must be sent to the Machine Computation Com- 


mittee c/o A.I.Ch.E. 


3) All questions relating to published abstracts must be sent to 
the Committee c/o A.1.Ch.E. in New York. 


Resistance Temperature Tables 
(024) 

L. H. Krone 

Monsanto Chemical Company 
Mathematics Section 

St. Louis, Missouri 

Description: The program calculates 

R,, the resistance of a platinum re- 


sistance thermometer at t°C, from the 
(.01 t-1) (.01 t)-kAB(.01 t—1) 
(.O1 t)*]. 

constants R,, A, B, and D, as well as 

the temperature range and tempera- 

ewe be in develop- 

ing the table. 


Computer: IBM 704, 4K core. 
Program language: Fortran II. 
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Running time: Table is printed on-line 

at 75 lines per minute (printer limit- 

ed). Each line includes ten increments. 

Timing formula is approximately 
(t,-t,)/(750At) minutes, 

where t, and t, specify the range and 

At is the increment size. 


These are: 
1) k = 1 for all values of t 
2) k = 0 for all values of t 
3) k= lif t <0; k = 0 if t>0. 
Av: : The manual on this 
can made available for pub- 
ion should sufficient interest de- 
velop. 
Solution of the Brunauer, Emmett 


and Teller Multimolecular 
tion Equation (02 


equation which assumes that 
+, 5, or an infinite number of layers 
of gas molecules are adsorbed on the 
adsorbent surface. The use of this 
uation when it is not strictly ap- 
plicable can lead to a iable errors 
in the calculation of iio surface 
area. To apply the general or n form 
of the BET equation, however, was 
a tedious time consuming trial and 
error process. This program solves 
the general form of the BET tion 
determining the number of mo 
layers adsorbed which permits direct 
determination of the constants of the 
equation, including the adsorbent 
surface area. The computer solution 
is based on the methods presented by 
L. G. Joyner, E. B. Weinberger, and 
C. W. Montgomery, “Surface Area 
Measurements of Activated Carbons, 
Silica Gel, and Other Adsorbents,” J. 
Am. Chem. Soc., 47 (1945), 2182- 
2188. 
Computer: IBM 650, Basic machine. 
Program language: Bell Laboratories 
Interpretive System. 
Running time: The machine time re- 
uired is approximately three minutes. 
: The has been 
used successfully to determine the 
value of the constants of the BET 
equation for the ion of various 
ated gases on alumina, silica 
gel, and carbon. 
Availability: The manual on this pro- 
am can be made available for pub- 
ication should sufficient interest de- 
velop. 


Program (IBM Tape) 
RAPA—Regression Anal Pro- 
gram (Augmented IBM eho) 
RAP—Regressi 


i : This program will com- 
pute tost of the and 
statistical functions desired in the 

continued on page 92 
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Comments: Three modifications of the 1 
formula are available 
‘ 
7) 
Walter M gram (Basic IBM 650) 
Chemical Engineering Department (028) 
Oregon State College, Corvallis, Oregon LEM 
Description: To correlate adsorption Shell Oil Company 
data, and to determine the area of Houston Research Laboratory 
commercial adsorbents, the multimo- Houston 1, Texas 
: lecular adsorption equation of Brun- 
auer, Emmett, and Teller (BET) is 
often applied. The equation as usual- 
peda form of the 


Electro-Hydraulic Valve Actuators 
by GPE Controls offer the simplest, most 


compact, lowest-cost way to operate control 


valves from an electric signal. Model 698 


shown positions 14” double-seated valve at 


1000 p.s.i. pressure drop, with input signal 


ranges of 1-5, 4-20, or 10-50 ma. Completely 


self-contained. Easy, low-cost installation. 


Position repeatability within .002”% Auto- 


matic locking with power failure simplifies 


start-up of process. 


Division | construction 


for hazardous service 


is standard. Other models 


available for heavier duty. 


Write for descriptive literature 


CPE GENERAL GPE Controls, inc. 
PREC I S I O N 240 East Ontario Street + Chicago 11, Illinois 


COMPANY 


A Subsidiary of GENERAL PRECISION EQUIPMENT CORPORATION 


For more informotian, turn te Date Service card, circle No. 100 
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The right ratio of surfaces—the right materials — 
the right velocities— the right proportion between 
coil area and depth . . . there are dozens of factors 
that affect the efficiency, maintenance and service 
life of heat-exchange coils. 

For best performance in your own application, 
the practical approach is to take full advantage of 
the unequalled engineering, research and design 
skill — the unequalled manufacturing and testing 
facilities — which Aerofin offers you. 


To get the right answer— ask the Aerofin man. 


=== Aerofin units do the job 
Better, Faster, Cheaper 


AEROFIN CorroraTtion 


Aerofin is sold only by manufacturers of 
fan-system apporatus. List on request. 


For more information, turn te Date Service card, circle No. 16 
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Computer programs 
from page 90 


fitting of data to mathematical equa- 
tions. Conventional least squares tech- 
niques are used. Matrix inversion is 
done by Gaussian elimination. TRAP 
output contains the followin § 1) 
original least squares matrix; 2) in- 
verse least squares matrix; 3) a set of 
constants and coefficients for each 
dependent variable; 4) total variation; 
5) variation by regression; 6) correla- 
tion coefficient; 7) error variance and 
standard deviation; 8) “F” and “T” 


test values for each term; 9) table of 
residuals for each observed and calcu- 
lated dependent variable; 10) sum of 


residuals squared; 11) chi-square test 
values; and 12) variance check to 
indicate roundoff errors, if any. RAPA 
and RAP t do not contain items 
9, 10, 11, 12, and RAP is further 
limited by not containing items 4, 5, 
and 6 in the above list. 

The for the entry 
observations. Nine dependent vari- 
ables can be correlated in one pass in 
the TRAP and RAPA programs while 
eight is the maximum number in the 
RAP program. The ion equa- 
tion to be fitted may contain a maxi- 
mum of twenty-six terms including 

t variables. Each term may 
be the uct of up to five trans- 
formed variables all raised to various 

wers ranging from 0.1 to 9.9. Vari- 
means of codes _* constants. The 
programs provide thirty-two con- 
stants and thirty-two codes. Data are 


entered as positive and/or negative, 
four-digit Seating decimal numbers. 
The automatic floating decimal device 
is used by TRAP and ‘A 


and RAP uses the float- 
arithmetic in SIR (Sym- 
ic Interpretive Routine). 


Computer: TRAP — Augmented type 
650 with alphabetic device, index ac- 
cumulators, automatic floating decimal 
device, 60 words of core storage, at- 
tached 407 printer, and one 727 

gnetic tape page 
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| | Conditioning? 
| 
the RIGHT Answer to your 
HEAT-EXCHANGE PROBLEMS 
Sz. the 
BNE 


of 
of 
est 
to 
PA 
ms 
5 OKOTOKS marks another step in the 
: steadily broadening service being 
24 developed by TGS for industries in the 
ri- States and Canada. Production from 
* OKOTOKS, sitting on top of the vast 
he _ “sour gas” field a few miles south of 
vf se Calgary, Alberta, will add a significant 
ng ov tonnage to the supplies of Sulphur 
7 already available through TGS to the 
us expanding industries in the Pacific 
~ Northwest. OKOTOKS is set up to make 
he shipments of Sulphur in solid or 
m- 
<i molten form. 
rs. 
ce 
aS, 
at- 
m- 
TEXAS GULF SULPHUR COMPANY 
pe 75 East 45th Street, New York 17, N.Y. 
ic- 811 Rusk Avenue, Houston 2, Texas 
al Sulphur Producing Units: 
a. Newgulf, Texas + Spindletop, Texas + Moss Bluff, Texas 
a7 Fannett, Texas + Worland, Wyoming 
94 Okotoks, Alberta, Canada 
For more information, tum te Data Service card, circle No. 41 
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Recovery Plant | 
iE 


ee 


put 

your 
plant 
here! 


Regardless of your plant needs. What process do you have fresh out of 
the lab or already in operation that requires sound engineering? As one 
of today’s leaders, Vitro can provide buth complete engineering skills 
and ingenuity at minimum cost to you. 

In recent years, Vitro has successfully completed one and a half billion 
dollars worth of facilities covering the broad spectrum from laboratories to 
commercial units. Again, dependability and experience are the plus iactors; 
proof that engineering the hard-to-do is almost commonplace for Vitro. 
Finding an answer to your needs can start right now. 


engineering the future— 
a ENGINEERING COMPANY 
225 PARK AVENUE SOUTH, NEW YORK 3, ¥. 
A DIVISION OF VITRO CORPORATION OF AMERICA 


For more information, turn te Data Service card, circle No. 43 
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Computer programs 


from page 92 


tape unit 

RAP—Basic 650 with alpha- 


Program : SOAP IL. 

Running time running time of 
each program is a function of equa- 
tion size, the number of observations, 
and the number and of transfor- 
mation of the . A typical 
TRAP for 11 observations of 


san t and 3 dependent vari- 


3 transformations 
required 2% minutes. 
Comments: Each is in two 
parts. The availability tables for each 
part indicate storage requirements. 
from , Part I, is 
stored on and the out- 
put from ‘A and , Part I, is 


The output of 
art I is the input to Part II in each 


| Machine Computation 
Committee 


1 A.L.Ch.E. 


1 25 West 45th Street 
| New York 36, New York 


CITY & STATE... 


aed 


| 
| ap ~plant 
| 
e 
Toway... 
J ~ case. 
: manual on this pro- 
: made available for pub- 
jviero Witt Ridge should sufficient interest 
develop 
: 
| : 
: : 
: : | Lam interested in computer program ! 
: SaaS . manuals corresponding to the follow- ! 
> 1 (027) Solution of the Brunauer, 
: 1 Emmett and Teller Multimolecular , 
: 1 Adsorption Equation 
: : i i 
Tables 
1 
i 
4 Check one of the boxes below: - 
I plan to 
manuals 
| Published 
1 copyof 
10 wish to 
for one 
| published by the A.1.Ch.E. 
| 
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Pilot Plant Facilities 
and experience can 
help you find the 
best solution 


CB4!i pilot pliant facilities are avaii- 
able for determining heat transfer 
coefficients on unknown materiais. 
Typical evaporator-crystailizer unit 
at right provides vaivabie data for 
design of processing equipment. 


In the design of heat transfer units, such as multiple effect 
evaporators and crystallizers, there is no substitute for exper- 
ience and equipment. This is why so many companies with heat 
transfer problems bring them to CB&I. 

Here, CB&I’s expert chemical engineering staff— using pilot 
plant facilities—tackles each problem on an individual basis. 
The result: custom-designed heat transfer equipment to meet 
specific requirements. 

It will pay you to investigate CB&I’s coordinated services— 
engineering, fabrication and erection—which form a single source 
and responsibility for guaranteed heat transfer equipment. Write 
today for details. 


i 


Cuicaco Brioce & Ron Company 


332 SOUTH MICHIGAN AVENUE 
CHICAGO 4, ILLINOIS 
OFFICES AND SUBSIDIARIES IN PRINCIPAL CITIES THROUGHOUT THE WORLO 


Fer more information, turn te Dota Service card, circle No. 141 
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Equipment includes: 
> 
Vacuum Dryers 
Reboilers 
Vaporizers 
: 
Water Equipment 
ry 4 Custom-Made Heat 
Transfer Equipment 


industrial news 


Molecular film 
evaporation control 


A patent has just been issued for 
a practical method of controlling 
water evaporation with molecular 
films. Potential saving—$3-8 an 
acre foot of water. 


of molecular films to a reservoir con- 
trol evaporation moved one 
nearer with the Pats of a 
U.S. Patent to Russell G. Dressler 
for his “Suspension — The 
, applying fatty alcohol as a 
at the A.I.Ch.E. meeting in December 


Yes, SMITHCO Air Cooled Heat Exchangers DO have Hi Fidelity — they 
are engineered to provide faithful service long after others have ceased 


to operate. 


A SMITHCO Heat Exchanger compares in other ways with a precision 
built Hi Fi set. For example, you wouldn’t buy a Hi Fi in which all 
electrical connections were merely wrapped instead of one with con- 
ventional soldered connections, would you? Well, then, it follows that you 
wouldn't buy a heat exchanger with the fins wrapped instead of soldered 


to the tube. 


SMITHCO is the ONLY major manufacturer of air cooled heat exchangers 
with solder bonded fin tubes. This solder bond assures the highest 
efficiency of heat transfer between fin and tube and has proven to be 
the most permanent bond yet devised. 


For more information, turn te Data Service card, circle No. 123 
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HI Fj SET’ 


SMITHCO 
ENGINEERING INC 
BOX 3217 


PHONE G! 71-5545 TULSA, OKLAHOMA 


1957, at Chicago. (CEP, January 
1958, pp 66-69) J 

Essence of the method is that finely 
divided, pre-wetted fatty alcohol par- 
ticles are activated when in this naa 
and disperse into films from 20,000 
to 100,000 times faster than the same 
material in flake or other common 
forms. Addition of material is. con- 
tinuous, but in small amounts. 
Chief difficulty with previous methods 
was that the film formation was too 
slow to with losses due to the 
film’s wind drift, so that continuous 
coverage could not be maintained 
over the reservoir. 

Experimental applications on out- 
door reservoirs show that this process 
can save from 35% to 60% of the water 
normally lost ev tion., Pre- 
ferred material (oc- 
tadecanol ). 


Application 

Tests show that the best technique 
for applying the process on reservoirs 
up to 330 acres is to spread the water 
suspension using pars and orificed 
distribution lines laid along the up- 
wind shoreline. One hundred 
surface coverage can thus be main- 
conditions. Savings of 63% have been 
attained in some of the trials on out- 
door reservoirs. This is the maximum 
obtained under controlled tests in lab- 
oratory equipment. For small 'reser- 
voirs, the material is dripped onto 
the water surface from containers set 
at intervals along the shore line. 

It is ex that water se. 
tion control will find widespread use 
on water bodies of the arid regions 
of some 15 western states where losses 
range from four to ten feet of water 


may create an ultimate market of ten 
to forty million pounds a year in this 


Using the pump and distribution 
line technique, projected studies in- 


‘ dicate that on reservoirs of 5,000 to 


50,000 acres in size, the cost of saving 
water is expected to be about $3.00 to 
$8.00 an acre foot. 


A alum to be built at 
Stauffer’s Vernon, California, works 
is scheduled for completion late this 


year. Capacity of 1000 A a —--4 
will supply the pulp Pape 
water purification industries of South- 
ern i 
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a year. 
This new usage for fatty alcohols 


Working wonders out of waste! 


This quadruple-effect evaporator concen- 
trates antibiotic liquids for E. R. Squibb & 
Sons, New Brunswick, N. J. Developed for 
the handling of streptomycin waste, it dem- 
onstrates Swenson’s ability to help advance 
the production of new pharmaceuticals put 
into service for humanity. 

Send tor Processing Profiles, the 
authoritative new color booklet of perform- 


ance reports! It shows Swenson products on 
the job . . . bringing higher efficiency and 
quality to all the processing industries. Re- 
member, what Whiting’s Swenson Evapo- 
rator Division has done for others can 
be done for you. Swenson 

Evaporator Company, 15690~ 

Lathrop Avenue, Harvey, 

Illinois. 


PROVED ENGINEERING FOR THE PROCESS INDUSTRIES SINCE 1889 


WHITING— MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; TRACKMOBILES; FOUNDRY AND RAILROAD EQUIPMENT. 
For more information, turn te Data Service card, circle No. 44 
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a, Traveling in the 
m= Best of Circles” 


Your product will be “traveling in 
the best of circles” when you use 
HELIFLOW® EXCHANGERS. 


Heliflow® rates high in the blue book of heat transfer society— 
truly a thoroughbred—or, more appropriately, we might say 
a “bearcat” when it comes to doing your job. 

High rates of heat transfer, a cinch to clean—and just like old 
Uncle Remus—dependable. When it comes to pushing BTUs 
around you just can’t beat Heliflow. 

So—let’s go. Buy Heliflow. 

Seriously, though, we defy you to find any exchanger on the 
market today that is packed with more BTUs for your 


dollar than Heliflow. 
Ask our local office; 


they can prove it. 


These ore the Heliflow 


“circles” your product 
will travel in. 


GRAHAM MANUFACTURING CO., INC. 
Heliflow Corporation 


170 GREAT NECK ROAD, GREAT NECK, N. Y. 
Offices in principal cities and Canoda 

Factory: Betevic, N.Y. Other Grohom Jet Ejectors, Manobolt 

Heot Heaters, Surface ond Condensers, Steom Vecvvm 

Refrigeration, Aquomizer Evaporative Condensers. 


Fer more information, turn te Dete Service card, circle No. 57 
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Calvert Willard , Ridley Park, Pa. 
Clark, S. P., College Station, Texas 
Crosby, H. Lance, a Conn. 
Cammings, William H., Indianapolis, Ind. 
Desai, Kris, Tonawenda, N. Y. 
Dickens, Samuel P.. Beacon, N. Y. 
Dunbar, C. Wendell, St. Lowis, Mich. 
Ecoff, h A. Jr., St. Louis, Mo. 
Foster, Fort Worth, Tezas 
Emert, F. L., Bl Dorado, Ark. 
Farrell, Desmond Va. 
Flaming, Richard, ‘Marcas Hook Pe. 


Frost, wid A., Webster, N 


‘ohn E. 
Huste, Arno, Rego Park, N. Y. 
Jahreis, Carl A., Harrison, N. J. 
Jensen, W. Paul, Cambridge, Mass. 
King, Joseph A., Decatur, Il. 


La Corea, ia, Pa. 
Lakey, Lawrence 
Lang, Linton W., Richland, W 


James E., Green Wise. 
Moore, "theodore Weet Coldwell, N. J. 


Nenninger, E., Jr., Montreal, P.Q., Canada 
Nielsen, Anders, Hellerup, Denmark 


Peters, J. Irwin, Wilmington, Del. 
Phillips, Russell C., Palo Alte, Calif. 


ASSOCIATES 

Adams, Charies A., le. 
Albery, James O., North I Ohio 
Allen, Lindsay A., Jr., Decatur, 
Auzine, Merlin J., New Orleans, Le. 


A.LCh.B. candidates 
| 
9 The ie @ list of candidates the 
{ recommended for election by the Committes on 
Adreissions. Th names are listed im accord 
bead ance with Article Ill, Section 8 of the Consti- 
ae Objections to the election of any of these 
candidates from Members and Associate Mem- 
bers will receive careful consideration re- 
ceived before November 15, 1958, at the of 
| the Secretary, 25 West 45th 
| New York 36, N. ¥. 
Adrian, Robert C., Azusa, Calif. 
‘ Akers, William W., Houston, Texas 
Austin, A. Earl, Jersey City, N. J. 
’ Baldauf, G. H., Kalamazoo, Mich. 
Belden, C., Cranford, N. J. 
Biegler, L. John, Jr., J. 
Geist, Jacob M., Allentown, Pa. 
i > \ Gerhard, R. W., Chicago, Jil. 
Haines, Harry W.. Jr.. Houston, Texas 
| 
Shaner, Richard L., Williamsville, N. Y. 
Strunk, M. Rolle, ite. 
Tallmadge, John A., Jr., New Haven, Conn. 
Toloezko, Edwin C. Chicago, M. 
Van Dusen, Glenn T., Jr., Port Sulphur, La. 
Walker, Jack W., Trona, Calif. 
Weyermuller, Gordon H., Chicago, I. 
Wilson, Thomas H., Columbia, 8. C. 
| 
Bell, Robert P., Jr., Waverly, Ohio 
Bond "Eugene Camptell, Obie 
Bowen, Denis G., Alhambra, Calif. 
Buchler, William’ Philadelphia, Po. 
Burkiow, Bruce W., Mercer Island, Wash. 
Burroughs, A. H., ITI, Boise, Idahe 
Butterworth, Donald J., Paterson, N. J. 
Cook, Dale 
Crooks, John Sendusky, Ohio 
Davis, Ronald E., Hooven, Ohio 
Doniguian, Ted M., South Pasadena, Calif. 
continued on page 100 


50 HP Philadelphia Mixers 
in continuous operation... 


PROOF OF BETTER SHAFT SEALING. 
Each of the forty-two Philadelphia Mixers in this pressure vessel mixing 
operation can produce 99,000 pound-inches of torque for continuous oper- 


ation under difficult loading conditions . . 


. the kind of job where anything 


less than the best agitator shaft operation is an invitation to mechanical 
seal problems. Significance: Philadelphia Mixers have two important ad- 
vantages over ail other fluid mixers which assure best output shaft 


performance in difficult operations. 


FIRST. In any comparative evaluation of mixers 
having equivalent torque capacity, a Philadel- 
phia Mixer will always have the largest, 
heaviest duty, highest capacity bearings . . . 
and the drive with the best bearing support 
for shafting will have the truest running shaft. 


SECOND. Because the bearings in Philadel- 
phia Mixers are larger, the diameter of the 
Output shaft is larger . . . and the design which 
has the largest diameter shaft will have least 
shaft deflection from hydraulic loads imposed 
on the mixing impeller during operation. 


THESE ADVANTAGES come at no cost 
premium . . . you just get more mixer for 
your money. Six standard models, 1 to 200 HP. 
Special units to $00 HP. Horizontal or vertical 
motor drive. Mechanical seal or packed stuff- 
ing box. Paddle or turbine type impellers. 
Write for catalog A-19. 


philadelphia mixers 


PHILADELPHIA GEAR CORPORATION 
Erie Avenve and G Street * Philadelphia 34, Pennsylvania 
Offices in all Principal Cities * Virginia Gear & Machine Corp., Lynchburg, Va. > 


INDUSTRIAL GEARS & SPEED REDUCERS * LIMITORQUE 


VALVE CONTROLS © FLUID MIXERS © FLEXIBLE COUPLINGS 


For more informetion, turn te Dota Service cord, circle No. 106 
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b> A.LCh.E. candidates 


from page 98 


Dr-an, E., Weodsfield, Ohio 

Es: la H., t. Texas 

Eccles, G., ‘Ir, Roslindale, Mass. 

tel Larry, Vallejo, Calif. 
Dean W., Greensburg, Pa. 

Rane K., Princeton, N. 


Fishtine, Stanley H., St. Louis, 
Freeman, Donald Richmond Hai, Y. 


d., 
Fr edman, Arthur s., New York, N. 


H 
Hempy, Richard Lee, Rushsylvania, Ohio 
Hoberg, Charles E., Orange, Texas 
Hollahan, E. L. Le Marque, Texas 
Holste, Hilary E., Cheswick, Pa. 


Ingram, Bobby Joe, Borger, Texas 


Jeffrey, David W., Baytown, Texas 
Johnson, Gary Don, Pittsburgh, 


Jones, Lioyd G. . Columbus, Ohio 


Kalish, Sheldon, East Nn. Y. 
Katsenis, Peter, Los A ‘ 
Kemper, —s Anton, San Diego, Calif. 
Kendrick, J. New Orleans, La. 
Klem, August > Hayward, Calif. 
Knowlton, Harold E., Lafayette, Calif. 
Kottenstette, Fred T., Houston, Texas 
Kramer, Francis R., Seaford, Del. 
Kruger, Gene R., Midla Mich. 


THERE'S A 


SARGENT 
DRYER 


to do the job... 
easier, better, 


Lovvorn, Herschel L., He 
Lupensk 


milton, Ohio 
i, Albert M., Niagara Falls, N. Y. 
Marino, Vincent J., Wilmington, Del. 


Where completely flexible operation in the batch drying 
of many different materials is necessary, where speed of St. Bo. 
cleaning to prevent contamination is of utmost importance, Miertschin, N. H., Groves, Texas 
the performance of SARGENT Tray and Truck Dryers is hy — Cal, 
unsurpassed. These dryers are at work everywhere through- Nyquist, Brian L., Toledo, Ohio 
out the chemical process industries. They are protecting Palmer, William S., Salineville Ohio 
the color, flavor, of fine foods. They working Parrish, Pare 
on pigments, explosives, pharmaceuticals, and many other tes — oo * ae 
products where extreme care is needed. They are at work prmmegss Sadores Pa 
in petro-chemical labs and development plants, in rubber Rhodes, Walter H.. Jr., Houston, Texas 
product research and development, in biology labs .. . Robertson, Re. Jr, Teter, Teens 
and in classified fields. Rosen, Arthur M:, Charleston, Va. 
Sanchez, Earl J.. New Comme, 
Modern, streamlined, with complete recording and control 
instrumentation, with every known safety device for pro- ee ee eis. 
tection of material and personnel — from two trays to two Stein, Walter, Forest Hille, N. Y. 
hundred trays — these SARGENTS do their job... Stricker, Bernard F, Charleston,’ W.Va. 
oroughly, dependably, tly. Every SARGENT Dryer Taylor, Donald D., Idaho Falls, Idaho 
carries a firm guarantee. 
Ticer, James A.. Knox City, Tezas 
Unger, John F., Silver Spring, Md. 


Wisley, H. W., Akron, Oh 

C. G. ‘SARGENT’ CORPORATION 
AFFILIATES 


Clarke, Bruce T., Rochester, 
Cloninger, Harold D., FF Tenn. 


Lax, Warren E., New York, N. Y. 
PHILADELPHIA + CINCINNATI + ATLANTA + CHARLOTTE + HOUSTON ° CHICAGO + DETROIT + TORONTO Stern, Allan P., Cleveland, Ohio 


For more information, turn to Data Service card, circle No. 48 
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ih WHERE TRAY OR TRUCK DRYING IS CALLED FOR 
| 
= 
Gritton, William R., Mexico, Mo. 
Groover, R. E., Mobile, Ala. 
| Halsey, Robert L., Elyria, Ohio 
| 
| 
| Texas 
Weinberg seph sland. Ohio 
Wie joseph A V ont ‘ [dah« 
| 


Costs Go Down 


Silicone Defoamer Beats Down Foam 
---Defeats High Maintenance Cost 


The chief engineer of a southern chemical plant periodically met real 
bugbears—foam boil-overs in a methanol-wood oil fractional distillation 
system. Such occurences meant shutting down the still, while over 600 
man hours were spent putting the unit back in condition. 


That was before testing silicone defoamers. Now, foam’s completely elimi- 
nated simply by adding only 5 parts per million of Dow Corning Anti- 
foam A. Boil-over clean-up man hours are nil. The chief engineer cham- 
pions this silicone defoamer as the most effective system — says, “Without 
it, I'd simply go crazy.” 

If foam is fouling up your processing, putting you behind schedule and 
leaving you with too high a ratio of waste material, chances are you can 
lick foam once an“ for all — realize noteworthy savings through the 
use of Dow Corning silicone defoamers. Easy to use and economical, these 
silicone defoamers are widely used to overcome foam problems in process- 
ing varnish, paints, adhesives, asphalt, textile dyes, petrochemicals, foods 
and many other products. 


Your nearest Dow Corning office is the 
number one source for information 
and technical service on sili 


IN VARNISH COOKING 


Job-proved as fastest and most effective for 
all processing operations, Dow Corning 
silicone defoamers are available in differ- 
ent forms for different systems. Why not 
make tests on the materials that are giving 
you foam problems? 


A generous trial sample is yours for the 
asking. Write for this FREE SAMPLE, 
giving an indication of your problem and 
the type of system — oil, aqueous, non- 
aqueous, food product or other. Address 


Dept. 2322 for prompt reply. 


FAST DISPERSING, FAST ACTING 


Dow Corning CORPORATION 


ATLANTA 


SOSTON CHICAGO CLEVELANO DALLAS 


MIDLAND. MICHIGAN 


LOS ANGELES NEW YORK WASHINGTON. ©. C. 


For more information, turn te Date Service card, circle No. 6 
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“I got the pot and tubing 


corrosion licked, but 
now the jugs won't hold up!” 


industrial news 


Engineering Index 
aids chemical engineers 


transactions, 

as well as a large number of bulle- 

tins and of government bu- 

reaus, , institutes and research 

anizations. Over 30,000 articles in 

languages and branches of engi- 
neering are summarized. 


For each article reviewed, the fol- 


formation only in certain areas may 


mass, lowing information is given on a 3 x 5 
library card: subject classification, 
artic name of author, a 
with faultless quumeiiens The service is divided into 249 
“Field of Interest” divisions. The user 
| corrosion ? can select as much or as little as he 
shaft. | needs. The subscriber who wants in- 


Downtime, ruined equipment, end- 
less repairs are more than disturb- 
ing...they’re expensive too. You 
can put an end to 85 to 100% of 
your corrosion and contamination 
losses by specifying chemical- 
resistant Ace rubber and plastic 
equipment ... pipe, valves, tanks, 
pumps. American Hard Rubber 


take the divisions he needs. Sub- 
scribers to individual divisions receive 


all inent abstracts once a week, 
Ale tan who get the complete 
service receive their abstracts ‘ 
Subscriptions are taken on a sin 
subject, or for groups of divisions. 
The Index service cards appear an- 
all references for the year. This 
volume, now in its 75th year, is an in- 


Company’s 108 years of experience ternatio accepted digest of tech- 
i dy to help you with an nological literature for 


problem. 


High-impact, 
rubber- plastie, 
most econ 

for ave An increase in rated capacity of the 
» s. ve acetylene derivatives plant of General 
wat omaee Aniline & Film is underway at Cal- 
tings. Valves vert City, Kentucky. Increased de- 
to 2”. NSF; mand for polyvinylpyrrolidone and 
04. various intermediates required in its 


equipment of rubber and plastics 


“AMERICAN HARD RUBBER COMPANY 
DIVISION OF AMERACE CORPORATION 


Ace Road * Butler, New Jersey 
Fer mere information, turn te Dota Service card, circle No. 126 
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| 
| Life in these excited states... 
| 
cara A solution to the problem of access . 
=> blications in ene is offered 
: Z en locate new data, and gen- 
pe oe) erally keep up with technological 
A comprehensive indexing and ab- 
cB) — stracting service, the Index editorial 
| staff annually reviews over 1,500 
| Je ES 
| 
| | a 
Ace diaghragm 
Or plastic-lined | 
so 
bodies. Sizes 
‘ae Al 
si Bul. CE-S6. j synthesis, about the expan- 
i sion which will incorporate recent ; 
__...~.~-J | technological advances into existing 
Expansion of Ubatol polymer emul- 7 
| ACE Seen uired A. E. Staley division adds to 
: the facilities at the Lemont, Illinois, 
awarded to Badger. 
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A “UNIVERSITY” 
OF NEW IDE/ 


Here is the most practical “school of learning” for anyone con- 
cerned with management, design, research and development or 
production in the process industries. Here, at the Exposition of 
Chemical Industries, you will get a concentrated “course” in 
What’s New—and how it can be put to work for you. 

In five short days you can see and compare the newest product 
developments of over 500 leading manufacturers—all under one 
roof. Here you can learn about new ideas for cutting costs, im- 
proving your product and increasing production. In no other way 
can you see so much or learn so much that will be helpful to you 
in your business. 

Make your plans to attend. See next page. 


SEE THESE NEW PRODUCTS AT THE 


EXPOSITION OF 
~ CHEMICAL INDUSTRIES 


Bottling Machinery 
Brick, Acid Proof 
Briquetting and 
Tablet Making 
Machinery 
Buckets, Elewator 
Burners 
Calciner: 
Calorimeters 


Collectors 
Colloid Mills 
Colorimeters 
Comperators 
Compressors 
Concentrators 
Condensers 
Containers 
Control Apparatus 
Controllers 
Conveying 
Machinery 
and Equipment 
Coolers 
Cooperage 
Crucibles 
Crushers, Grinding 
Mills and 
Pulverizers 
Crystallizing 
Equipment 
Cylinders for High 
Pressure Gases 


OVER 500 EXHIBITS 


NEW PRODUCTS 


NEW COST-SAVING IDEAS 


NEW AND BETTER WAYS 


27th EXPOSITION OF CHEMICAL INDUSTRIES 
480 Lexington Avenue, New York 17, N. Y. 


Please register me in advance and send admission badge 


TO INCREASE PRODUCTION 


Recorders 
Decolorization and 
Purifying 
Materials 
Digesters 


Dissolvers 


Distilling Machinery 


ond Apparatus 
Drums, Rotary, 
Vacuum 
Drying Machinery 
and Equipment 
Dust & Fume Col- 
lecting Systems 
Dust and Spray 
Masks 
Ejectors 
Elevators 
Emulsifiers 
Emulsions 
Evaporators 
Exhausters 


Gases 

Glass —Optical 

Glass wore 

Groting 

Grinders 

Heat Exchangers 

Heaters and Heating 
Equipment 

Homogenizers 

Hoods, Fume 

Indicators 

Instruments, Optical 

Instruments of 
Precision 

instruments, 
Testing 

Insulating Material 
—Heating, Elec- 
tric and Moided 

insulation, Furnace 

Joints, Flexible 

Kettles 

Kilns 

Labeling Machines 

Laboratories, Testing 

Laboratory Appara- 
tus end Supplies 

Laboratory Furniture 


Minerals 


Motors, Electric 

Naval Stores 

Nitrators 

Nozzles, Sprsy 

Nuclear Products 

Ovens 

Packaging Equip- 
ment and Supplies 

Packing 

pH Equipment 

Pipe and Fittings 

Plastics 

Plasticizers 

Platinum —Wire, 
Sheet, Foil, Cruci- 
bles, Laboratory 
Ware 

Pressure Relief and 
Rupture Relicf 
Devices 

Pulverizers 

Pumps 

Pyrometers 


Recording 
instruments 
Rectifiers 
Refractories 
Refrigerating 
Equipment 
Regulators, Pressure 
and Temperature 
Resins and Oils 


Thickening and 
Dewatering 
Machinery 

Tower Packing 


Ventilating 


Viscosimeters 


Waterproofing 
Compounds 
Water-Conditioning 


Plan now to see actual demonstrations of the newest develop- 
ments in products such as those listed above. Bring your associates 
and actually see how these products can be used to advantage in 
your plant. You'll learn a lot from the fact-filled displays that will 
fill the Coliseum to capacity. Fill in and mail the coupon now. 
You will be well repaid for the modest investment in time. 
Act now! 


Management: International Exposition Company 


Name Position 
Company 
Street 
City Zone State 
Products made or 
type of business 

ALSO BADGES FOR THESE: 
Name Position 
Name Position 


Position 


L 


FREE 


Fill in and mail this card NOW! 
No further registration necessary. 
Your badge will be mailed to you 
and will admit you to the EX- 
POSITION as many times as 
desired. Badge is not transferable. 


saboratory 
Sinks, ’ 
Acid Proof 
Solvent Recovery 
Equipment 
Solvents 
Spectrographs 
l Abrasives Chemical Stoneware, Spectrometers 
Absorbers Acid Proof Speed Reducers 
Acids Chemicals, Spray Drying 
Acidifiers Industrial Systems 
Acid Resisting Chemicals, and 
Materials Laborat ng 
Adhesives Sterilizers 
Agitators Pharmaceutical Stilts 
Air Conditioning Chiorinators Strainers 
Apparatus Clarifiers Switches 
Classifiers Tachometers 
Alloys Coal Tar Oils Tanks 
Analyzers Coatings — Thermometers 
Asbestos Protective 
Autoclaves 
Bags 
Weights or Filling 
Barrels, Drums & Towers 
Kegs Traps, Steam 
\| Blowers lead Burning and Tubes 
Coating Tubing 
| Extraction Plants 
Extractors : alves and Fittings 
| Fens ‘Respirators 
Feeders Metal Coati ond Rotameters Apparatus 
Fillers Plating Rubber Products Vibrotors 
Filling Machines Metal Conteiners and Equipment 
Fiber Aids Metals Safety Equipment 
= 
Carbon ‘ Filter Paper Microscopes Screens —Inclined, 
Castings Filters Mills Vibrating, Equipment 
Catalysts Fittings Gyretory Waxes 
Cement Furnaces and Mixing and Knead- Sealing Machines Welding Equipment 
Centrifugals Accessories ing Machinery Separators Wire Cloth 
Ceramics Gages Molding Machinery Sieves, Laboratory X-Ray Equipment 
| 
| e 
Tay 
ac 
clo 
4 
al Af 
met 
des. 
Ha 
con 
by 
ton: 
rial: 
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loy 
: 
are 
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industrial news 


4th National Heat 
Transfer Conference 


A date has been set for the 1960 Na- 
tional Heat Transfer Conference. The 
conference and exhibit, fourth in a 
series join ed by A.LCh.E. 
and ASME, will be held in Buffalo, 
New York, on August 14-17. Those 
Institute members who wish to sub- 
mit pa to the conference can do 
so through S. W. Churchill, University 
of Michigan, Ann Arbor, Michigan. 
ASME members’ papers will go 
through J. P. Hartnett, University of 


Minnesota, Minneapolis, Minnesota. 
For information on the exhibit, write 
to American Institute of Chemical 


ea 25 West 45th Street, New 
Y N.Y 


New solvent plant completed by Dethi- 
Taylor has capacity up to 2500 barrels 
a day of narrow distillation range sol- 
vents. Included are heavy aromatic sol- 
vents, and aliphatic and specialty sol- 
vents. The unit is expected to provide 
closer control of feed stocks for high 
purity and uniformity. 


A facility for the processing of com- 
mercial power reactor fuels will be 
desi and engineered at Vitro’s 
Hanford Works under a $4 million 
contract awarded Vitro Engineerin 
by AEC. It will up to 1 

tons a year of roe ate A mate- 
rials, and will be capable of handling 
fuel elements including oxide and al- 
loy cores clad with aluminum, zir- 
conium, and stainless steel. rations 


are planned to begin in early 1961. 
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The Fluid Energy “Jet-O¥ 
_ fluid energy fine grinding 


for | 


INTENANCE 


(OR STEAM) 


Seeeesigned and built by the pioneers 
more than produce fine particles. It 
controls fineness and product quality with a narrow distribution range 
and simultaneously with grinding can dehydrate, coat particles, blend and 
achieve chemical changes. 

Jet-O-Mizer Mills are being used all over the world, processing many 
types of materials in the following industries: 


Abrasive * Food * Pigment Wax 
* Insecticide * Mineral * Plastic * Metal 
* Ceramic * Pharmaceutical * Carbon * Chemical 


“Jet-O-Mizing"” produces FINE PARTICLES 4 micron average and above 
PLUS . . . Narrow Particle Distribution * Dry, or Controlled Moisture 
Uniformity of End Product * Other 
* No Attritional Heat—No Moving Parts * 
Low Operating Costs * Low Maintenance 

Send for complete information on Fluid Energy's “Jet-O-Mizer™ Mills, “Jet-O-Clone” 
Dust Collectors, and TESTING AND CUSTOM GRINDING services. 

FLUID ENERGY PROCESSING & EQUIPMENT COMPANY 
Richmond & Norris Streets, Philadelphia 25, Pa. - Phone: Regent 9-7728 
(Formerly known os the Wheeler-Stephonoff Mill) 

For more information, turn te Data Service card, circle No. 29 
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uld almost paint in the rain 


“Carbo Zine 11 


CARBOLINE’S NEW ZINC FILLED INORGANIC 
COATING FOR GALVANIC PROTECTION OF STEEL 


Becomes water insoluble 20 
minutes after application 


Sudden rainfall, night condensation or rising tide will not wash it 
off or affect curing. 

Carbo Zinc 11 is not only a new coating, it is a new concept in zinc 
filled inorganic coatings, with desirable properties not found in other 
protective coatings. In only 20 minutes the coating becomes insoluble 
in water. It can be applied directly to damp surfaces, in 90-100% 
humidity and at temperatures as low as 0°F. 

Only one coat provides long-lasting galvanic protection to steel 
surfaces in marine, coastal and offshore environments. It is also 
insoluble in organic solvents, and is highly recommended for lining 
of solvent storage and cargo tanks. And look at its other out- 
standing characteristics: 


e Prevents subfilm corrosion 
e Excellent water, brine and solvent resistance 
e Economical — low material, surface preparation and application 


e Does not blister — cures from inside out 
e No curing solution required 
e Brush or spray application 


e In non-immersion service, can be applied over a commercial blast, 
brush blast or wirebrushed surface 


Write today for complete information, technical data, uses 
and sample of this remarkable new coating—Carbo Zinc 11. 


carboline 
32-C Hanley industrial Ct. 
St. Louis 17, Mo. 
For more information, turn te Data Service card, circle No. 5 
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B> industrial news 


School for teachers 


a tour of the new integrated re- 
finery of Standard Oil. 
Covered under Planning, were 


processes 
Integrated Unit, basic principles of 
integration, and flexibility of design 
nate Included was a discussion 


" New 100 short ton per day sulfur re- 


covery plant at the Paulsboro, N.J. 
refinery of Mobil Oil. The unit has an 
operating flexibility range of from 21% 
to 100% capacity. When the high 
purity sulfur is obtained from process- 
ing sour refinery gases, shipment is 
made in the molten state. The unit 
was constructed by Badger. 


Correction 
In the article on page 94 of Chemical 


Engineering Progress, , 1959, 
titled of Titan- 
ium Alloys,” the names of the authors 
were inadvertently omitted. The 
should have been credited to M. 
Komp and S. Abkowitz, both of 
Mallory-Sharon Metals Corp. 


For more information, circle No. 99 > 
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ter at Ono Day School for Teachers 
4 ¥ Under the joint sponsorship of A.I.Ch. 
tion required to determine: size, de- 
Yo, 1?O unique design features. Changes 
in d ign oa 
tional experiences were ae Bi in 
| the startup and operations session. 
‘ 
| 
— 
costs 
Read 
*Patent applied for No fit 
Large 
sisting 


Accurate to better than 1/16”. 
Readings in feet inches and sixteenths. 
Graduations available in metric 

and decimal. 
No floats, counterweights or 

spring balances. 


Large, easy to read numbers on 
dial and counter. 


The Power Operated Gauge utilizes a force balance system 
pe to detect and display liquid level. The measuring device consists of 
two elements; a force measuring element and a displacer that is a solid plate 
of any material suitable to the environmental conditions. 


Friction—the specific gravity of the product— the load placed on the gauge 
head to drive accessory controls and remotes—turbulence—none of these 
have any adverse effect on the accuracy or reliability of the gauge. 


The remarkable low cost and the high level of accuracy and sensitivity have 
been achieved by Varec’s uniqueness of design and not by the sacrifice of 
quality materials and workmanship. @ Request Bulletin CP-3705 @ 


Ze | 
| | 
‘The Vapor-Recovery Systems Company = Compton, Cali 


| 


> equipment feature 


Design of process heaters 


Process heaters are assuming increasing importance 
in the chemical engineering equipment field. Here 
are details of design and operation of such heaters. 


In general, all heaters, re- 
val oo of their shape, will consist of 
two separate zones: a radiant zone 
wherein the ma 
is supplied to process stream 

radiation to tubes located in the com- 
bustion chamber; and a convection 
zone wherein the major portion of the 
heat is supplied by convection from 
the products of combustion. The con- 
vection zone or bank is usually located 
ina ate section, or is located be- 
hind a shield or shock bank of tubes. 


Thermal efficiency 

Not too long ago, a thermal effi- 
ciency of 72% net was considered high; 
today, efficiencies of 78-83%, or up to 
88% with the use of air preheaters, 
are common. The efficiency of a heater 
is largely dependent on the inlet tem- 
perature of the feed stock entering 
the convection section. A temperature 
approach of 250-300°F between the 
incoming feed stream and the effluent 


. For certain 
applications, such as catalytic reform- 
ing, where the inlet temperature to 
the heater is very high, generally in 
the order of 900°F, waste heat steam 
generation is quite often employed to 
improve the overall thermal efficiency. 
Radiant heat transfer rate 

Radiant heat absorption rates are a 
function of the physical size and shape 
of the heater. In the conventional 
of heater where the tubes are located 
on the walls of the enclosure, the 
average radiant transfer rate will be 
limited by the peak point rate to any 
tube or by me tube metal tempera- 
ture considerations. The limiting fac- 
tor is the tend of the oil to coke 
or decompose at tube wall at the 


point of highest heat density. The de- 


K. R. WAGNER, 
Foster Wheeler Corp, New York. 


signer must consider the variation in 
heat density along the length of the 
tube, from one tube to another, and 
circumferentially around each tube. 
He can arrange the heating surface 
so that the variation in heat density 
from tube to tube will be less than 
5% or as great as 25%. 

For any given tube size and spac- 
ing, the variation in heat density 
around the circumference of the tube 
is fixed. It can be demonstrated that 
when a tube receives radiation from 
one side only, the variation in heat 
density from the average will vary 
from a maximum of 1.738 to a mini- 
mum of 0.606 when the spacing is 
two tube diameters. For this reason, 
the designer must carefully consider 
the average transfer rate in the heater. 
When average radiant transfer rates 
of 15,000-17,000 BTU/Hr./Sq. Ft. 
are specified, the peak rate will be in 
the order of 26,000-29,000 BTU/B:./ 

continued on page 112 


Figure A. Large atmos- 
pheric and vacuum heat- 
ers for East Coast refinery. 
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| flue gas is reasonable: more recently, 
| due to the a cost of fuel and 
with the use of extended surface, an 
| approach of 100-150°F is considered 
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SIMULTANEOUS 
INTENSIVE MIXING 


* A dominant factor in 
alkylation through production of 
better alkylate with less catalyst con- 
sumption and other economies. 


* Widely used in grease 
making to produce a more uniform 
soap with shorter time cycles and re- 
duced manpower requirements. 


CONTACTORS | 


* A leader in new fields of continuous 
sulfonation, lube oil treating and for 


other contacting purposes. 


* The answer to many “unsolvable” 
petrochemical and chemical problems 
requiring close temperature control in 
the reactor. 


Stratco Contactors may be designed for almost any degree 

of mixing short of homogenization. With internal heat 
transfer surface they provide extremely close control of 
temperature throughout the entire liquid volume of the 
contactor. The reacting liquids are maintained in the desired 
degree of dispersion throughout their residence time, and 
residence time may be varied to suit the problem. 

Stratco Contactors are available in sizes from 300 cc volume 
laboratory units up to 11000 gallon volume or larger 


They are adaptable to your process problems... large or small 


REPRESENTATIVES 


CHEMICAL ENGINEERING PROGRESS, (Vol. 55, No. 10) October 1959 109 


CLOSE TEMPERATURE CONTROL 
commercial sizes. 
D. Foster Co.. Pittsburgh Rawson-Houlihan Co., inc., Houston 
D.D. Foster Co., $. Charleston, W.Vc. The Rewsen Co., inc., Baton Rouge 
Lester Oberhoiltz, Los Angeles F.J. McConnell Co., New York 
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How Cooper-Bessemer 
is teaming up with 

Pratt & Whitney Aircraft 
to develop JET TURBINE 
POWER for industry 


The cutaway model shown is a revolutionary new concept 
in gas turbines. The generating unit is a new Pratt & Whitney 
Aircraft jet engine—a modification of the famous J-57 
aa aircraft engine, designed for gas fuel. The companion power 

t- unit is a new Cooper-Bessemer power turbine. This combi- 
; nation, now in the advanced experimental stages, represents 
bd the hottest development in industrial power in 20 years. 
_ it will mean drastic economies in installations of engine- 
; driven compressors, generators and other rotating machinery. 


For example, in gas compressor stations, it is expected 
to reduce total station cost by 50% ! 


Plans call for this new gas turbine to be available for 
broad application within 18 months. In the meantime, watch 
for reports on further developments in this pioneering team- 
work by Cooper-Bessemer and Pratt & Whitney Aircraft. 


BRANCH OFFICES: Grove City - New York + Washington + Gloucester 
Pittsburgh - Chicago - Minneapolis - St. Louis - Kansas City - Tulsa 
New Orleans - Shreveport - Houston - Greggton - Dallas - Odessa + Pampa 
Casper - Seattle - San Francisco - Los Angeles 

SUBSIDIARIES : Cooper-Bessemer of Canada, Ltd....Edmont m + Calgary 
Toronto « Halifax 

C-B Southern, Inc. .. . Houston 

Cooper-Bessemer International Corporation ... New York « Caracas - MexicoCity 
Cooper-Bessemer, S.A.... Chur, Switzerland - The Hague, Netherlands 


ENGINES: GAS - DIESEL - GAS- DIESEL 
COMPRESSORS: RECIPROCATING AND CENTRIFUGAL 
TURBINE O8 MOTOR DRIVEN 


Fer more information, turn te Date Service card, circle No. 119 
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UCON 


‘BRAND 


fluids and lubricants 


Ucon heat-transfer fluids do not ordi- 
narily sludge, coke, or gum after months 
of use at temperatures as high as 450- 
500°F. Thus, electric immersion heaters 
and other heat-transfer surfaces stay 
clean and give long, continuous operation. 

Ucon heat-transfer fluids have good 
viscosity stability and low pour points. 
These properties permit operation over 
wide temperature ranges yet eliminate 
cold weather problems and the need for 
auxiliary heating equipment. 

Ucon fluids and lubricants also give 
top performance as: 
Rubber and textile lubr cants 
Hydraulic flu‘ds 
Cosmet'c components 
© Anti-foam agents 
© Chemical intermediates 

Get the facts. Write for the booklets 
“Ucon Heat Transfer Fluids” and “Ucon 
Fluids and Lubricants.” 


UNION CARBIDE 
CHEMICALS COMPANY 


30 East 42nd Street, New York 17, N. Y. 
“Ucon”" is a registered trade-mark of UCC 


For more information, circle No. 125 
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Process heaters 
from page 108 


Sq. Ft. In recent years, 2 heater de- 
sign has been developed which re- 
ae in a lower ratio of peak to 
average radiant transfer rate. Heaters 
of this have tubes located in the 
center the enclosure and receive 
heat from both sides by direct radia- 
tion. For this configuration, the varia- 
tion in heat density from the average 
around the ci erence of the tubes 
will be 1.150 as a maximum to 0.752 
as a minimum when the tube spacing 
is two tube diameters. weep 
have particular application in reform- 
ing and where 
short residence time and high tem- 
peratures are involved. 


Convection heat transfer rate 

Having selected an overall thermal 
efficiency and an average radiant heat 
transfer rate, the designer is more 
restricted in the design of the con- 
vection section. Variables available 
are arrangement of surface to give a 
reasonable flue gas mass velocity 
across the tube bank, and selection of 
the of heating surface. 

Tie cxhical noe to thet sone which 
will receive heat both by direct radia- 
tion and by convection. It is custom- 
ary practice to place the tubes located 
at the entrance to the convection sec- 


section. When extended surface is 
used, the equivalent bare tube trans- 
fer rate may be in the order of 15,000 


possibility of g is present. 
Tube size 
is im f 


cracking and coking. To meet this re- 


The tube coil 
important and probably the most ex- 
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? i Figure B. Typical arrangement of oil heater with tubular air heater. 
oe to 20,000 BTU/Hr., or even higher. 
This, of course, must be ed 
in the turbulent range. Certain mini- 
eeenen mum mass velocities are required for 
various services to we og tempera- 
reasonable value and to avoid skin 
_ h it is necessary 
to epi the flow into a number of 
| parallel streams. It is desirable to lo- 
cate each stream symmetrically in the 
| combustion chamber so that the heat 
) input to each coil will be essentially 
the same. One principal advantage of 
| the vertical cylindrical type of heater 
is the flexibility possible in selecting 
g the number of parallel streams while 
| at the same time maintaining sym- 
metry of heat flow to each of the 
coils. 

At times, it is also necessary to 
increase the tube size from inlet to 
outlet to limit the peak bulk tem- 

) tion on wide centers, so that the perature below that which will result 
in coke formation and excessive pres- 
rate will be minimized, thus eliminat- sure drop. This is the case of vacuum 
ing hot spots and localized overheat- heaters where it is necessary to handle 
ing with possible coking. high percentages of vapor at low 
In recent years, there has been a pressures. 
reduce the number of tubes and re- 
turn bends required in the convection 
‘ 
| 
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BELT CONVEYOR SYSTEMS 


CONTINUOUS WEIGHER 


SPEEDS EFFICIENCY..LOWERS COST IN CHEMICAL HANDLING 


When you consult a conveyor manufacturer on a particular bulk 
materials handling problem, you do so because the consultant is 
a specialist in his phase of the business. But think of the advantages 
if that consultant were not only the manufacturer of a particular 
type of conveyor but a specialist in chemical handling systems. 

STEPHENS-ADAMSON is just that kind of a consultant. The systems 
that S-A engineers are regularly designing and installing for the 
chemical processing industry are not based on a desire to sell a 
particular type of conveyor system — but the most efficient, profit- 
able answer to the problem at hand. The reason is twofold — S-A's 
broad knowledge of the field and the fact that S-A makes not one, 
but several kinds of conveyor systems, some exclusive and patented 
by the company. Over 20,000 successful installations of the S-A 
Redler Conveyor-Elevator System alone, point up the breadth of S-A 
experience. Write today for full information. 


ENGINEERING DIVISION 
STEPHENS-ADAMSON MFG. CoO. 


GENERAL OFFICE & MAIN PLANT, 57 RIDGEWAY AVENUE, AURORA, ILLINOIS 


PLANTS LOCATED IN: LOS ANGELES, CALIFORNIA © CLARKSDALE, MISSISSIPP! 
BELLEVILLE, ONTARIO 


For more information, turn te Date Service card, circle No. 49 
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| 
— ZipPER® BELT CONVEYOR-ELEVATORS 
REDLER® Conveyor-Elevotor 
CATALOG 


For more information, turn te Date Service card, circle No. 58 
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afor Kach Processing Need 


INDIVIDUALIZED DESIGNS 


ASSURE OPTIMUM INVESTMENT 
AND OPERATING ECONOMY 


Furnaces are a major part of the total investment in a petroleum 
refinery or chemical plant—and vital to its production and income. 
Variances in operating efficiency or frequent time out for 
repairs can quickly offset the slight initial savings made with 
inadequately engineered or “standardized”’ equipment. 
Designing and building furnaces to meet precisely all the many 
specific needs of each individual unit, and thus assure optimum return 
on investment, has been for over 30 years an integral part of 
The M. W. Kellogg Company’s complete engineering and construction service. 
With the recent expansion of this highly specialized furnace division, 
Kellogg now can offer its unique background in thermodynamics and 
furnace technology broadly to the process industries as an independent 
Kellogg engineering organization. 
For details on Kellogg’s economic approach to furnace investments, 
write Kellogg’s Furnace Sales Division. 


THE M. W. KELLOGG COMPANY 
711 Third Avenue, New York 17, N. Y. 


A SUBSIDIARY OF PULLMAN INCORPORATED 
Companhia Kellogg Brasileira, Rio de Janeiro 
Kellogg Pan American Corporation, Buenos Aires 
Compania Kellogg de Venezuela, Caracas 

The Canadian Kellogg Company, Limited, Toronto 
Kellogg International Corporation, London 

Societe Kellogg, Paris 
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DAHL 


‘‘BANTAM’’ 
VALVES 


Dah! “Bantam” 2020, 2030 and 2031 series 
are highly compact, diaphragm-operated 
on-off valves. Each features the desired 
ruggedness and high quality of larger 
valves, anc yet, allows appreciable savings 
in space. All have cast globe bodies for 
Steam, liquid or gas applications. 

“Bantam” valves have excellent flow char- 
acteristics, low hysteresis and fast re- 
sponse. Use of TEFLON® packings eliminates 
frequent packing adjustment and greatly 
reduces maintenance. 


MAXIMUM Cy 40.0 


LIFT %” 
SEAT AREA up to 3.1 sq. in. 
CONNECTIONS to 2” NP.T. 


PRESSURE RATING | 150 psi for steam 
300 psi for liquid & gas 


8, 15, 50 sq. in. 


For more detailed information on 

“BANTAM” On-Off and Throttling 

Control Valves write for..... 
Catalog B-1. 


GEORGE w. 


DAHL 


COMPANY, INC. 


Process heaters 


evaluation in the selection of tube 
material must be made for heaters 
operating with corrosive feed stocks. 
Since corrosive rates increase on 
with increase in temperature a 
the range of 600-650°F, it is some- 
times ible, from an economic 
point of view, to split the coil, 
carbon steel tubes at the cold end 

5% chrome or hi alloy tubes at 
the hot end. In addition to corrosion, 
the tubes are subject to external oxi- 
dation. In the normal tube metal 
temperature range up to 900-1,000° 
F, oxidation proceeds slowly enough 
to permit use of carbon steel tubes 
in non-corrosive service. However, in 

divect resietion radiant 


from each side of transfer rate 
furnace to tube wel! 


furnece to tube wel! 


radiation only 


Figure C-1. Variation of heat transfer 
around tube fired from both sides. 


- | 
Hi 

IN 


Figure C-2. Variation of heat transfer 
around tube fired from one side. 


applications such as high temperature 
craeking, reforming, steam superheat- 
ers, and air heaters, oxidation rate 
becomes an important consideration. 
Tube wall thickness 

The important thing to determine 
first in any tube wall 
lation is tube metal temperature. 
The allowable stress used in the cal- 
culation of the tube wall thickness is 


from page 112 


a function of the tube metal tempera- 
ture. In general, the tube wall tem- 


drop 
across the tube wall, adding these 
to the bulk fluid oil temperature. Of 
these, the temperature drop across the 
fluid film is usually the largest. The 
most commonly used formula for cal- 
culating the inside heat transfer film 
coefficient is the Sieder and Tate 

uation. The actual temperature 

dividing aon age radiant transfer rate 
by the inside oil film coefficient. A 
considerably less conservative design 
results when the average radiant 
transfer rate is used. For service where 
coking is e ed, it is also custom- 
ary to consider a 1/16 in.-thick coke 
film on the inside of the tubes. A 
conservative design stress basis is 1% 
creep in 100,000 hours. Based on 
norma! tion, this could result in 
a tube ae 


Specification of refractories 
Refractories are usually designed 
for a surface temperature of 1,400° 
where protected by tubes, and 1,600 
F on unprotected walls. Even 
temperature heaters, the wall surface 
temperature will not normally exceed 


suitably held in place 
castings fast 
members. Another type is the insu- 
may bo of tho or suspended 
may be vity or 
brick construction has ad- 
ie over the heavy tile construc- 
tion. There i lower heat storage, ths 
permitting faster start-up and cooling- 
off reri The actual weight is less. 
Therefore, lighter steel construction is 
necessary. Because of the low heat 
capacity, the heater will a 
quicker to process changes. The better 
insulating qualities of the he light- weight 


“IN 
| 
| — perature is obtained by summing up 
| “2 - the temperature drop across the oil 
: . film, the temperature drop across the 
= On-Off Control 
irTo-Close 
- / 
| gre 
= 
\ tag 
2031 Series 
| Three-Way Valve 
pingement, oxidation, and corrosion ; 
a usually reduce the life below this 7 
| 
| | 
| votes 1,800°F. The wall construction sho 
| heat transfer c be designed to result in a maximum 
| outside surface temperature of 200°F, 
based on still air at 80°F. Several 
types of refractory construction are 
- available. One is the suspended wall 
— 
‘ 
( 
| 
| | 
refractory permit walls of thinner con- 
) a | struction with no greater resultant 
heat loss. : 
. continued on page 118 
| 
_ For more information, circle No. 93 
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FOR *50.60 EACH" 
YOU CAN STOCK 
EJECTORS 
THAT WILL PUMP, 
MIX, EVACUATE, 
AGITATE 


APPARATUS. Ash tor Condensed Bulletin 
ROTAMETERS & FLOW INDICATORS Ask tor Condensed Bulletin M 
VALVES: Ash for Condensed Bulieto ¥ 

TRANSFER APPARATUS. Ash for Condensed Gulietia | 
GEAR PUMPS. Ash tor Condensed Battetin | 


SK Fig. 264, 2-inch, bronze Liquid Jet tyector 
FOB Cornwells Heights Pa 


Want to pump out a sump .. . mix two liquids, or a liquid and a 
solid . . . handle a slurry . . . prime a pump .. . agitate a solution? 
Low cost, uncomplicated SK Liquid Jet Ejectors are ideal for any 
of these jobs. That’s why thousands of companies (like yours) 
keep several always in stock. Liquid Jet Ejectors utilize the kinetic 
energy of a pressure liquid to pump, mix and agitate other liquids, 
handle slurries and fine solids, and evacuate air. They are stocked 
in cast iron, bronze, 316 stainless steel, pvc, Haveg, and pyREx 
brand tubing, for quick delivery. The sketches will give you a few 
ideas on how you might use a stock ejector. For complete details 
on types, sizes, capacities, write for Bulletin 2M. 


” — For immediate delivery, standard SK Jet Ejectors, Rotameters, and Flow Indicators are 
stocked in Cornweils Heights (Phila), Pa., Houston, Texas, and San Francisco, Cail. 


Schutte and Koerting 


COMPANY 
MANUFACTURING ENGINEERS GINCE 18676 
2245 State Road, Cornwelis Heights, Bucks County, Pa. 


For more information, turn to Data Service card, circle No. 54 
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PRESSURE SK EJECTOR = 
PRESSURE WATER _ SK EJECTOR 
Diluting 
PRESSURE WATER DISCHARGE Fae 
PRESSURE WATER 
SEALED 
HOPPER Evacuating 
SOLUTION air 
(vacuum 
lft ) 
DISCHARGE 
SK HECTOR 
Heating 
cold water 
HOT 
(INTERMEDIATE 
(UNDER Tear) 
PRESSURE) 
cou 
WATER 


For more information, turn to Data Service card, circle No. 101 
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Figure D. Typical vertical cylindrical 
heaters. 


Process heaters 
from page 116 


Firing equipment 

In recent years, with the introduc- 
tion of reforming operations, many 
gaseous fuels now contain consider- 
able quantities of hydrogen. Because 
of the very rapid one, propagation 
characteristics of nye gas burn- 


ers of the raw gas type the ef 
considerable favor. With the 


the light fractions will flash off 
burn while the heavy fuel oil 
have a tendency to be poorly atomized 
and will burn with an unstable flame. 
A good preheat system should be 
provided to insure a steady tempera- 
ture at the burner. Atomizing steam 
should be dry and available at a 
temperature higher than that of the 
fuel oil. Wet steam, or steam avail- 
able at a temperature lower than that 
of the oil, will have a tendency to 
cool the flame and produce sparklers. 
It is also advisable to use a constant 
differential control valve between the 
atomizing steam and the oil to main- 
tain the proper ratio of steam to oil. 
burner designs will require 
oh 0.3 pounds of steam 


Condensed from a paper delivered by 
K. R. Wagner, Foster Wheeler Corp., 
New York, at the 14th annual of 
the three Oklahoma Sections of A.L.Ch.E., 
April 25, 1959. 
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Condensers 
able difficulty has been experienced 
_ Coolers due to flash back. 
fae The burning of fuel oil requires 
refineries, fuel is a residue having 
/ a high viscosity, and is mixed or 
Reboilers blended with light fractions. This t 
| 
Reactors 
| 
= 
Process 
| | . Process Plants — Special Electronic Devices 
| 
| 118 
CH 


rounded interior convoiutions, 
extra thickness at stress points 


at 


Tefion at its best, Fluorofiex-T 
provides at least 300% elongation 


permit greater travel from 
units, prevent distortion 


from surges 


2 MILLION CYCLES AND STILL FLEXING! 


... proving that this Teflon expansion joint—molded of Fluoroflex-T 


—outlasts most other materials and constructions 


Chemical manufacturer: Tried Fluoroflex®-T 
joint, found it still flexing after 2 million 
cycles; previously had averaged 100,000 cycles 
from machined Tefion® fiex joint in pumping 
application. 

Major industrial product company: Displaced 
one end of a special Fluorofiex-T bellows 34-inch 
from its axis, rotated it around axis at 1,000 
rpm. After 20 million cycles, with still no sign of 
deterioration, test discontinued. 


Petrochemical processor: Installed Fluorofiex-T 


. joints to replace joints machined from Teflon. 


The Fluorofiex-T joints are still in service after 
nearly a year. 

Fluorofiex-T flex and expansion joints perform 
so much better for three reasons: (1) The mate- 
rial: a patented compound of Teflon that com- 


Complete systems 


bines high density with low crystallinity for 
optimum strength and flexibility. (2) The proc- 
ess: a unique technique for molding uniform 
convolutions with restraining rings. This gives 
undamaged grain structure, rounded interior 
convolutions and increased strength. (3) The 
experience: Resistoflex has been working with 
fluorocarbon resins since their inception. For 
fabricating with Teflon, such experience is vital. 
That’s why Fluorofiex-T is Teflon at its best. 


So, for corrosion-proof flex and expansion joints 
that give unsurpassed working life, specify 
Fluorofiex-T. Write for Bulletin B-1A. Dept. 407, 
RESISTOFLEX CORPORATION, Roseland, N. J. Other 
Plants: Burbank, Calif.; Dallas, Tex. 


®Flucrofiex is a Resistuflex tedemark, reg., U.S. pat. off. 
®Teflon is DuPont's trademark for TFE fluorocarbon resins. 


romivenie 


For more information, turn te Data Service card, circle No. 139 
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The Arithmetic of Materiais Handling 


BEFORE: Dirt, noise and mechanical breakdown were constant AFTER: Cican, simple, quiet. Notice the difference two 8” 
problems in this cement plant, where two mechanical conveyors F 8 Airslide® fluidizing conveyors have made. No dangerous 
were used to collect raw materials. A S$h.p. motor driving auxiliary mewing parts. Nothing to lubricate. Auxiliary equipment and 
equipment wasted valuable space and power, required frequent foundations are gone. Power needs are now only 4% of previous 
maintenance. Spillage clean-up wasted costly man-hours. needs. Fluidizing saves wear and maintenance. 


AIRSLIDE cme 
minimizes material loss . 
maintenance . . . moving 


If you are now handling dry, pulverized materials, the F-H 
Airslide Fluidizing Conveyor can mabye you stop noise, and air- 
pollution, as well as speed flow and reduce maintenance cost. 


“Pulverized Materials 
Flow Like Water!” 


These materials literally flow at high speed, down the inclined 
conveyor. Power requirements are small. 

Flexibility, Low Cost 
For unlimited applications, Airslide conveyors take up little 


walls—nearly any conveying distance. 


Better Housekeeping NZ supporting 
divides conveyor section into two “compart: 
‘fluidized by low-pressure air entering 


FULLER COMPANY 
.174 Bridge St., Catasauqua, Pa. 


SUBSIDIARY OF GENERAL AMERICAN TRANSPORTATION CORPORATION 
Birmingham Chicago Kansas City Los Angeles New York » San Francisco Seattle 


_ pioneers in harnessing AIR 


“See Chemical Engineering Catalog for details and specifications”. 
For more information, turn to Data Service card, circle No 9 
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See our exhibit at Chem Show, 
New York Coliseum 
November 30-December 4 
| 
| 
| 
Simplicity Itself A 
F-H Airslide conveyors fluidize dry, pulverized materials with a > 
low pressure air. 
= 
= 
space, and can be used singly and in combination with other ee a 
Fuller pneumatic conveying systems. The movement of fluid- 
ized material can be dround corners, between floors, through 
| 
Materials. Fuller will gladly make appropriate recommendation 
4483 
FH 59 
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The following 2 pages that appear to be 
missing are reader service cards and have 
been removed. 
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AT DAVISON CHEMICAL LTD. 


Aldrich pumps tame highly abrasive, corrosive 
slurry in high pressure spray drying operation 


When Davison Chemical Ltd. built 
its newpiantin Valleyfield, Quebec, 
for the production of petroleum 
catalysts, a major problem was to 
find a pump that (1) had the abra- 
sion and corrosion resistance to 
stand up in a continuous high 
pressure process without down- 
time or excessive maintenance and 
(2) could maintain the steady 
pumping pressures necessary to 
control particle size, density and 


porosity of the spray dried product. 


the toughest pumping problems go to 


What was done: Davison Chem- 
ical engineers called on Aldrich 
for help and the result was the 
special valve design shown. After 
two years of continuous operation, 
the Aldrich pumps continue to 
deliver constant pressure without 
major overhaul. The General 
Manager of the plant reports: 
“We are quite pleased with the 
performance of these pumps.” 


How Aldrich can help you: 
Solving special pumping prob- 


handling 
1800 psi. 


lems for the chemical industry is 
the most important work we do. 
We would welcome the oppor- 
tunity to discuss your specific 
problems ...no matter what the 
liquid or slurry, or how high the 
pressures. Standard Aldrich Pumps 
range from 25 to 2500 hp. Pres- 
sures to 30,000 psi. See our insert 
in Chemical Engineering Catalog 
for condensed data. Aldrich Pump 
Company, 20 Gordon Street, 
Allentown, Pennsylvania. 


For more information, turn to Data Service card circle No. 97 
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Special nylon ball valve 


EQUIPMENT from page 122 


Heat Exchangers, fin-type (p. 92). Com- 
plete technical data from Aerofin Corp. 
Circle 16. 


Heat Exchangers, impervious graphite 
(p. 15). Pressures to 200 Ib./sq. in., 
temperatures to 340°F, capacities to 
470 sq. ft. surface. Data from Falls 
industries on the “Cross-Bore”’ ex- 
changer. Circle 53. 

Heat Exchangers, impervious graphite 
(p. 177). Bulletin 156 from Heil Proc- 
ess Equipment gives details of shell 
and tube, immersion types. Circle 124. 


Heat Ex hangers, panel coil (p. 182). 
Data from Dean Products. Circle 94. 


Heat Exchangers, scraped surface (p. 
29). Technical details from Henry Vogt 
Machine Co. Circle 42. 


Heat Transfer, in mixing (p. OBC). 
Mixing Equipment offers reprint of 4- 
page articie on heat transfer research 
in mixing. Circle 33. 


Heat Transfer Equipment (p. 95). En- 
gineering, fabrication, and erection 
services. Data from Chicago Bridge & 
iron. Circle 141. 


Heat Transfer Systems, liquid-phase 
(p. 173). All-electric Merrill Process 
System can use oil, Arocior, or Dow- 
therm. Details from Parks-Cramer. Cir- 
cle 80. 


Heating Systems, transfer oils (p. 146). 
Data from Whitlock Mfg. on standard 
package units. Circle 55. 


Heating Units (p. 150). Bulletin 158 
from Hevi-Duty Electric Co. Circle 65. 


Joints, bali, flexible (p. 134). Catalog 
215B and Bulletin 31 from Barco Mfg. 
Circle 56. 


Joints, expansion, Tefion (p. 119). Bul- 
letin B-1A from Resistofiex gives tech- 
nical info on “Fiuorofiex-T” expansion 
joints. Circle 139. 


Kilns (p. IFC). Bulletin 118 from C. O. 
Bartlett & Snow gives full technical de- 
tails of continuous and batch process- 
ing kilns. Circle 2. 


Materials Equipment (p. 113). 
Catalog 358 from Stephens-Adamson 
Mfg. Circle 49. 

Materials Handling Equipment, pneu- 
matic (p. 120). Details from Fuller. 
Circle 9. 

Materials Handling Systems, pneumatic 
(p. 179). Details in Bulletins 118 and 
208 from Sprout-Waldron. Circle 39. 
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Mills, grinding, fluid energy (p. 105). 
Technical data from Fluid Energy Proc- 
essing & Equipment on the “‘Jet-O- 
Mizer” mill. Circle 29. 


Mills, grinding, impact (p. 150). Tech- 
nical data from Entoleter, Div. of Safety 
industries. Circle 32. 


Mixers (p. 99). Six standard models, 
1 to 200 hp. Catalog A-19 from Phila- 
deiphia Gear. Circle 106. 


Mixers, mass and paste (p. 156). | 
capacities from 3 to 300 gallons. Info 
from Paul O. Abbe. Circle 92. 


Mixer, planetary (p. 154). Technical 
and price info from J. M. Lehmann. 
Circle 78. 


Mixers, turbine-type (p. 89). Technical 
Bulletin from Process Div., 
General American Transportation. Circle 

10-1. 


Nozzles, spray (p. 132). Complete 
Catalog 24 from Spraying Systems. Cir- 
cle 138. 


DEVELOPMENT OF THE MONTH 


AUTOMATIC REFLUX SPLITTER 


(Circle 602 on Data Post Card) 


Pyrex and Teflon construction makes this 
unit completely corrosion resistant to all liquids 
except hydrofluoric acid and hot concentrated 
caustics. 

The “Chem Flow’ splitter is electrically op- 


CEP’S DATA SERVICE—-Gubject guide to advertised products and services 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


Nozzles, spray (p. 181). Comprehen- 
sive Spray Nozzle Catalog 5600 from 
Binks Mfg. Circle 137. 


‘Packers, vibrating (p. 5). For boxes, 


cans, cartons, kegs, drums, barrels, 
up to 750 ibs. Bulletin 401 from B. F. 
Gump. Circle 46. 


tower, carbon (p. 129). inta- 
lox saddies now available from Na- 
tional Carbon. Technical details. Circle 
104-2 


Pall Rings, meta! (p. 38). In %, 1, 
144, and 2 in. sizes in carbon steel, 
stainless, nickel, Monel, Inconel, ti- 
tanium, copper-aluminum. U.S. Stone- 
ware. Circle 79. 


Piping, plastic (p. 102). High-impact, 
rubber-plastic, 4% to 6 in. Bulletin 80A 
from American Hard Rubber. Circle 
126-3. 


Piping, PVC (p. 102). Schedules 40, 80, 
& 120, % to 4 in. Bulletin CE-56 from 
American Hard Rubber. Circle 126-4. 


Preheaters, air (p. 151). Case history 
of Ljungstrom air preheater application 
offered by Air Preheater. Circle 1. 


Processor, thin-flim (p. 173). Info from 
Kontro on “Ajust-O-Film”  thin-fi:m 
processing units with blade-clearance 
control. Circle 116. 


Pumps, controlied-volume (p. 36). Bul- 
letin 440 from Lapp Insulator gives 
applications, flow charts, specifications, 
special leakage chart. Circle 14. 


Pumps, corrosion-resistant (p. 102). 
Hard rubber casing and impeller, Has- 
telloy C shaft, 80 gal./min. Bulletin 
CE-55 from American Hard Rubber. 
Circle 126-1. 


Pumps, corrosion-resistant (p. 165). 
Bulletin CT-859 from Eco Engineering. 
Circle 77. 


Pumps, gear, steam-jacketed (p. 175). 
Bulletin 17-A from Schutte and Koert- 
ing. Circle 98. 


Pumps, glassed (p. 143). Bulletin 725.2 
from Goulds Pumps gives complete 
technical details. Circle 12. 


Pumps, impervious graphite (p. 129). 
Now available with choice of mechani- 
cal seal. info from National Carbon. 


Circle 104-1. 


Pumps, leakproof (p. 147). Composite 
Curve from Chempump shows models 
and sizes available. Circle 4. 


continued on page 126 
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leads to economies in process pipe layout. The 
| 
/ to 1:20. The splitters are made for pressures up 
1 | to 50 tb./sq. in., temperatures to 450°F. For 
i | complete details from Chem Flow Corp., Circle 
| 602 on Data Post Card. Pe 
| Ch 


weal PRODUCTS 


The Optimum Standardization 
on Heat Exchangers is... 


Ver 


¢ 


AND IT’S ALREADY HERE! 


The optimum on standardization of heat exchang- 
ers has already been reached. It is one. It is 
Brown Fintube. 


The same basic modular Brown Heat Exchanger 
can be used for all services for pressures up to 
600 p.s.i. and temperatures up to 700° F. By 
properly combining these modular units into sec- 
tions they will meet any duty, or capacity require- 
ment. Furthermore, they are altered for any new 
use simply and quickly by the addition or sub- 
traction of units. 


Analysts report that million solar can 
be saved if industry would stan ize on heat 


exchangers. Brown users are already saving mil- 
lions. By using only one basic unit, these com- 
panies completely eliminate obsolescence, save 
engineering time, tremendously reduce parts and 
standby stores, and simplify maintenance. 

If you want the benefits of standardization, con- 
tact Brown Fintube. Learn how other plants are 
already obtaining dynamic operational savings 
with one basic, standardized unit! 


BROWN FINTUBE COMPANY 


318 HURON STREET, ELYRIA, OHIO 


TELEPHONE: FAIRFAX 3-3291 


For more information, turn te Data Service card, circle No. 122 
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CEP’S DATA SERVICE—Subject guide to advertised products ana services 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT from page 124 


Pumps, process (p. 123). Standard 
models from 25 to 2,500 hp. Technical 
data from Aldrich Pump. Circle 97. 


Pumps, turbine-type (p. 176). Single 
or two-stage horizontal design. Bulletin 
100 from Roy E. Roth. Circle 69. 


Recorder-Controliers (p. 155). Bulletin 
20-10 from Foxboro gives details of the 
“Dynalog” electronic recorder-control- 
ler. Circle 8. 


Refrigeration Unit, jet-vacuum (p. 141). 
Details from Croll-Reynolds on the 
“Chill-Vactor."" Circle 31. 


entrainment (p. 4). improve 
performance of distillation equipment, 
vacuum towers, knock-out drums, ab- 
sorbers, scrubbers. Details from Otto 
York on the York “‘Demister.”’ Circle 
15. 


Tanks, wood, plastic-lined (p. 181). 
Data from Wendnagei on ‘“‘Polycel”’ 
tanks. Circle 22. 


Tester, iron (p. 179). Complete with 
color standards covering the 0-10 ppm 
range. Data from W. A. Taylor. Circle 
20-2. 


Thermocouple Wire (p. 138). Bulletin 
1200-4 from Claud S. Gordon gives 
technical details, ordering data, prices. 
Circle 23. 


Tubes, heat exchanger (p. 6-7). Data 
from Republic Stee! on ‘‘Farrowtested” 
heat exchanger tubes in carbon and 
stainless steel. Circle 61. 


Tubes, heat exchanger (p. 19-22). Bul- 
letin from Bridgeport Brass gives cor- 
rosion data for tubes in aluminum, 


Valves, control, small! (p. 116). Catalog 
B-1 from George W. Dahi on “Bantam” 
on-off and throttling contro! valves. 
Circle 93. 


Valves, diaphragm (p. 102). Rubber or 
plastic-lined cast iron, or solid plastic 
bodies, Data from American Hard Rub- 
ber. Circle 126-2. 


Valves, high-alloy (p. 159). Technical 
info from Cooper Alloy. Circle 59. 


Valves, high pressure (p. 9). New “‘Flo- 
Ball” design for pressures to 3,000 
ib./sq. in. said to have 100% flow 
efficiency, more than double the flow 
of needie valves. Hydromatics, Inc. 
Circle 13. 


Water Treating Equipment (p. 175). 
Catalog from Hungerford & Terry des- 
cribes complete plants for deminerali- 
zation, dealkalizing, clarification, silica 
removal, water softening. Circle 109. 


CEP’S DATA SERVICE—Subject guide to free technical literature 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT 


301 Bulk Handling Equipment. Bulie- 

tin from Fluidizer Co. describes com- 

= and compietely engineered sys- 
Ss. 


302 Cells, chiorination. Bulletin from 
Diamond Alkali describes use of new 
oxidation potential cells to control 
chlorine reaction in bleaching of paper 
pulp. 


303 Centrifugais, batch. Bulletin TC- 
14-56 from Tolhurst Centrifugals Div., 
American Machine and Metals, de- 
scribes its newly-developed ‘“‘Batch- 
Master.” 


304 Compressors, centrifugal. Single 
and two-stage designs, capacities from 
800 to 8,000 cu. ft./min., pressures 
to 1,000 Ib./sq. in. abs. Bulletin P-12 
from Elliott. 


305 Compressors, heavy-duty. New 
Bulletin 160 from Clark Bros. gives 
details of heavy-duty, balanced/op- 
posed compressors for chemical and 
petrochemical industry. Capacities from 
200 to 8,000 bhp. 


306 Computers, analog, portable. Bul- 
letin AC934 describes the PACE TR-10, 
completely transistorized, portab!e an- 
alog computer. Electronic Associates. 


307 Computer, general purpose. Bul- 
letin from Bendix details use of its 
G-15 computer for on-line data process- 
ing and control systems. 

continued on page 128 
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18-page Booklet from Rohm & Haas 
offers data on methods for both redox 
and reflux emulsion polymerization. 
Also chemical and physical properties, 
applications. 

359 Adhesives. Reference Chart from 
Benjamin Foster gives description, 
coverage range, bonding time, service 
temperature limits, flash point, flame 
spread index, solvent for clean up, 
average non-volatile. 


360 Aliphatics. Bulletin from Armour 
industrial Chemical lists specifications, 
chemical composition of long and 
short chain saturated fatty acids, oleic, 
and unsaturated fatty acids. Typical 
applications. 

361 1, 2 Butylene Oxide. Bulletin from 
Dow Chemical discusses actual and 
potential uses as stabilizers, solvents, 
petroleum additives, plasticizers, lubri- 
cants, surface-active agents, flotation 
agents, textile chemicals, plastics, cat- 
alysts. 

362 Carbon Monoxide. Physical con- 
stant, typical analyses in new Bulletin 
from Matheson. 


363 Corrosion inhibitor. Data from 
O’Brien industries on O’B’Hibit-L 32, 
new liquid inhibitor recommended for 
service with hydrochloric acid. 


364 1, 4-Cyclohexanedimethanol. Tech- 
nical info from Eastman Chemical 
continued on page 128 


378 Computer Analysis, piping sys- 
tems. Brochure from General Dynam- 
services offered for analysis of thermal 
expansion, hanger loads, dead-weight 
stresses, vibration, natural frequency. 
379 Design and Construction, wax 
plants. Brochure from Badger Mfg. de- 
scribes Atlantic Refining’s new MEK 
Wax Plant in Philadelphia. Flow chart, 
process description, engineering and 
construction details. 
380 Fabrication, process equipment. 
New booklet from Pressure Products 
Industries gives details of valves, fit- 
tings, reactors, agitated vessels, 
pumps, compressors for pressures to 
100,000 Ib./sq. in. 
381 Fabrication, process equipment. 
Bulletin CE-59 from Baker Perkins de- 
tails mixers, kneaders, centrifugals, 
dryers. 
382 Fabrication, process equipment. 
Bulletin from B-1-F Industries covers 
meters, instrumentation, feeders, con- 
trol systems, other process equipment. 
383 Fabrication, process equipment. 
General Product File from Goslin-Birm- 
ingham describes filters, evaporators, 
many other types of chemical process- 
ing equipment. 
384 Fabrication, process equipment. 
New Bulletin from General American 
Transportation covers services and 
products for the process industries. 
continued on page 128 
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If you're planning to build a new 
plant — to extend — or to rebuild... 
tap this rich stream of low-tempera- 
ture experience! If it’s a question of 
gas separation or recovery, Air Liquide 
has the efficient, economical, proven 
answer. 

The Air Liquide stream of expe- 
rience has been flowing around the 
world for over half a century. Gaining 
year by year broader and accurate 
know-how, it has produced hundreds 
of low-temperature gas separation 
plants all over the globe. 

Whether you need a plant from an 
existing design or one especially de- 
signed for your particular require- 


IN CANADA: 

L’Air Liquide, 

1111 Beaver Hall Hill, 
Montreal, Quebec, 
Telephone: UNiversity 6-4781 
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ments, Air Liquide can supply it. 
From the initial technical consulta- 
tions, design work, manufacturing of 
plant and equipment, to the expert 
erection and start-up supervision, our 
widely experienced Research, Design, 
and Project teams smoothly coor- 
dinate with yours. 

We shall be pleased to consult with 
you in the application of Air Liquide 
processes and equipment to your par- 
ticular needs. Write or call us at 405 
Lexington Ave., New York 17, N. Y. 
Telephone: YUkon 6-6544. 


a 


405 LEXINGTON AVE., NEW YORK 17, N.Y. 
Fer more information, turn te Data Service card, circle No. 117 


AIR LIQUIDE HAVE 
DESIGNED AND BUILT THE 
FOLLOWING TYPES OF PLANTS 


¢ Tonnage Oxygen and Nitrogen 
(Gas and Liquid) 


e Notural Gas Liquefaction 

e Coke-Oven Gas Seporation 

© Refinery Gos Separation 

e Hydrogen Liquefaction 

Helium Recovery 

e Pure CO, Production 

e Heavy Water for Atomic Reactors 
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e Air Separation — oxygen, 
nitrogen, etc. 
Rare Gases Recovery 
co; Purification 
e Methane Purification 
AMERICAN 
| 
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a, ENGINEERING & CONSTRUCTION DIVISION 
~~ 
OLDEST IN EXPERIENCE NEWEST IN DESIGN ' 
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EQUIPMENT from page 126 


308 Control Equipment, electronic. 
“Functional Guide to Autonic Control 
Equipment,” offered by Swartwout. 
Contains large chart of components 
arranged functionally. 

309 Control System, visual. Graphic 
Systems offers kit containing material 
for planning a visual contro! system. 
New 24-page booklet, “Graphic Visual 
Control,” serves as manual and cata- 
log. 

310 Conveyors, vibrating. New 4-page 
Catalog Section on mechanical vibrating 
conveyors from Syntron. Descriptions, 
technical data, specifications on 7 
standard models. 

311 Cut-off Machines. Specially de- 
signed for cutting heat exchanger tube 
bundies. Bulletin SM-658 from Wells 
Mfg. 

312 Data Processing System. New 
“Multiplexer 1010” provides automatic 
communication of programs and com- 
puter results between central computer 
and up to eight remote locations, 
eliminates scheduling problems. De- 
tails from Vitro Laboratories. 

314 Dip Pipes, chemically-inert. De- 
signed to withstand severe agitation 
and thermal shock at temperatures to 
500°F. Data-from Resistofiex. 

315 Dust Collectors, mechanical. Bul- 
letin 300 from Research-Cottrell gives 
detailed drawings, application diagrams 
on new involute design. 

316 Dust Collectors, wet-type. Bulletin 
from National Dust Collector gives 
dimensions, specifications, capacities 
on four models, capacities from 1,000 
to 40,000 cu. ft./min. 


DEVELOPMENT OF THE MONTH 


PACKAGES HYDROGEN 
GENERATION PLANTS 


(Circle 603 on Data Post Card) 


Complete packaged plants are offered by Selas 
Corp. of America for producing up to 10,000 
cubic feet per hour of high-purity hydrogen. 
Capacities range from 1,000 to 10,000 cubic 
feet per hour, hydrogen purity is up to 99.995%. 

The unit is fully automated for continuous 
operation without supervision, and is instru- 
mented for self-protection of major equipment. 
Product quality is constantly monitored. 

For complete technical details, Circle 603 on 
Data Post Card. 
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317 Equipment, plastic. New, 27-page 
Bulletin P-11 from Haveg industries 
gives specifications of variety of proc- 
ess equipment in corrosion-resistant, 
reinforced plastics. 


318 Fans, industrial. Bulletin L-5 
from Lehigh Fan & Blower Div., Fuller 
Co., gives complete rating tables, air 
volumes, rev./min., horsepower. 

319 Filters, high-pressure. For pres- 
sures to 1,000 ib./sq. in., temperatures 
to 275°F. Data from Purolator Prod- 
ucts on new P-192 series. 


320 Filters, horizontal-ieaf. New type 
HL, made by Bowser, Process Filters 
Div., permits one-man cleaning in 4 
to 15 minutes. Technical details. 


321 Filters, rotary vacuum. Bulletin 
from Peterson Filters and Engineering 
describes disc and drum types. 


322 Filter Cartridges, felt. Technical 
info from American Felt on new pre- 
cision liquid filter cartridge. 

323 Flowmeters. From small purge 
meters to laboratory rotameters and 
calibrators. Bulletin from Matheson. 


324 Flowmeter, mass, ‘Gyro-integrat- 
ing.”” Bulletin GEA-6925 from General 
Electric gives theory, operation details, 
ranges, specifications, dimensions, 
cutaway drawings. 

325 Furnace, solar. Creates tempera- 
tures to 6,741°F. in seconds with heat 
flux densities up to 365 calories/sq. 
cm./sec. Low cost. Details from Ther- 
mal Dynamic Products Div., Waltham 
Precision instrument. 


326 Gauge, liquid-level, power-driven. 
Details from Vapor Recovery Systems 
on its newly-introduced ‘‘Dynamatic.” 
For pressures to 50 ey | in. 


327 Heat mpervious 
graphite. Technical Bulletin oa Falis 
industries. 


328 Heat Exchangers, fin-type. New 
Bulletin 11R describes ‘‘Radiafin" ex- 
changers for air and gases. Schutte 


and Koerting. 
continued on page 130 


MATERIALS from page 126 


Products on use in preparation of poly- 
ester films and urethane elastomers. 
Sample quantities also available. 


365 Ethylene Oxide. Antara Chemical 
(General Aniline & Film) offers 48-page 
technical manual with physical and 
chemical properties, specifications, 
analytical procedures, industrial uses. 


366 Fatty Acids. New 32-page Booklet 
from Armour Industrial Chemical de- 
scribes preparation, characteristics, 
and applications of 30 fatty acids. 
Data on specifications, sources, compo- 
sition, synthesis. 


367 Filteraid, carbon-based. Brochure 
from Great Lakes Carbon on “Nerofil”’ 
gives properties, flowrates, filter cake 
density, cake porosity, particle size, 
caustic solubility. 

368 Fluids, engineering. Monsanto 
offers summary of physical properties 
of 20 selected functional fluids, includ- 
ing coolants, heat-transfer fluids. 


369 Heat Transfer Cements. Engi- 
neering Data Book from Thermon Mfg. 
gives engineering data and calculations, 
estimating and installation data. Many 
tables and charts. 


370 Heat Transfer Oil. Data sheet from 
Sun Oil gives physical and thermal 
properties of Sun 21 Heat Transfer Oil, 
designed for use in closed circulating 
systems under temperatures up to 
600° F. 

371 Packings, self-lubricated. Catalog 
from Greene, Tweed includes quick 
calculator tables on weights and 
lengths, simple ordering instructions. 
372 Phthalates, ditridecy! and didecy/l. 
Technical Bulletin from Enjay on “‘Di- 
tridecyl and Didecy! Phthalates in High 
Temperature Viny! Insulation.” 

373 Polypropylene Film. Technical 
Data Bulletin gives properties, applica- 
tion data. AviSun Corp. 

374 Silicone Fluids. Design File from 
Union Carbide discusses industrial ap- 
plications, including effects of silicone 
fluids on elastomers. 


375 Titanates. Data from Du Pont on 
new series of organic titanium com- 
pounds, info on use in manufacture 
of adhesives, resins, water repellents, 
other chemical products. 


376 Titanium. Technical Brochure 
from Titanium Metals titied “Titanium 
Metals Handbook for the Chemical 
Processor,”’ covers titanium's behavior 
in about 200 corrosion environments. 
377 Trichlorethylene. New 36-page 
Booklet from Hooker Chemical titled 
“Nialk (R) Trichlorethylene for Vapor 
Degreasing and Other Uses.” Basic 
cleaning cycles, physical properties, 
many charts and graphs. 


SERVICES from page 126 


385 Fabrication, process equipment. 
Catalog 386 from Blaw-Knox details 
evaporators, drum, rotary, spray, and 
pan dryers, flakers and coolers, auto- 
claves. 

386 Heat Transfer Chart. Dean Ther- 
mo-Panel Coil Div., Dean Products, 
offers handy chart for determining 
logarithmic mean temperature differ- 
ence. 

387 Technical Data Books. Catalog 
from Lefax Publishers covers technical 
data books in every field of engineer- 
ing. 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 55, No. IC) 


| 

| 

| 


News from 
National Carbon Company 


Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, WN. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, 


Pittsburgh, San Francisco. In CANADA: Union Carbide Canada Limited, Toronto 


National Carbon 


representatives expand 
your engineering force 


Jj. M. BROWN 
SaLes ENGINEER 


After graduating from Purdue 
University with a B.S. in Chemical 
Engineering, Brown spent five years 
in the Cleveland Sales Engineering 
Department developing new prod- 
ucts, equipment design, and per- 
forming field installation and main- 
tenance work. 

For the past five yeais, Jim has 
been working with the chemical in- 
dustry as a field sales engineer on 
the application and use of carbon, 
graphite and “Karbate” impervious 
graphite products. 


New Size Activated 
Carbon Pellets Available 


6/8 MESH 


4/6 MESH 


Anew “Columbia” activated carbon 
grade CXC, which has been desig- 
nated as a catalyst support, is now 
produced in smaller 6/8 mesh pellets. 
The new size pellets have all the 
properties associated with the or*«- 
inal 4/6 mesh size such as high 
activity, strong and uniform shape, 
high metal salt pickup, and low ac- 
tive ash. For details, contact National 
Carbon Company, 1300 Lakeside 
Avenue, Cleveland .14, Ohio. 


“Karbate” Pumps with choice of 


Mechanical Seals assist Seal Standardization 


SLLLLLLLLLLLLLLE 


SPRING 


“Kerbote” pump seal orrangement with “John Crane” seal 


“Karbate” impervious graphite pumps 
Type C Model CA are available with 
either NATIONAL CARBON or “John Crane” 
mechanical seals. The “John Crane” seal 
arrangement is offered to partially meet 
the trend within chemical plants to stand- 
ardize on one type of mechanical seal for 
rotary equipment. 

NATIONAL CARBON’s design which has 


proved satisfactory for many years is 
standard equipment on Model CA pumps. 
“John Crane” seals will be supplied as 
optional equipment. 

“John Crane” seals can be installed on 
any “Karbate” impervious graphite pump 
Type C Model CA now in service by sim- 
ply replacing the standard stationary and 


rotary seal components. 


Carbon “intalox" Saddies provide highest 


Efficiency and unmatched Corrosion Resistance 


\ 1 mi 
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Carbon “Intalox” saddles, developed joint- 
ly by National Carbon Company and U.S. 
Stoneware Company, combine the operat- 
ing efficiencies of the “Intalox” design 
with the almost universal corrosion resist- 
ance feature of carbon. These saddles can 
be used in stripping, absorbing, and scrub- 
bing applications where hydrofluoric acid, 
hot alkalis, phosphoric acid, mixtures of 
hydrofluoric-sulfuric and hydrofluoric- 
phosphoric acids are present. Carbon sad- 
dies withstand abrupt temperature changes 


without danger of cracking or spalling. 

The above graphs show the higher effi- 
ciency of “Intalox” saddles as compared 
to Raschig rings and Berl saddles. The 
availability of carbon saddles permits the 
designing of smaller scrubbing, stripping 
and absorbing towers for highly corrosive 
applications. Also, capacity of existing 
towers can be increased by using carbon 
“Intalox” saddle packing. For details, con- 
tact National Carbon Company, P.O. Box 
6087, Cleveland 1, Ohio. 


“National”, “Columbia”, and 
Shield Device, ‘‘Karbate’’ and 
“Union Carbide” are registered trade- 
marks of Union Carbide Corporation 


For more information, turn te Data Service card, circle No. 104 
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EQUIPMENT from page 128 


329 Heating Coils, pipe & fin types. 
New 48-page Engineering Data Book 
from Rempe, for the designer of heat 
transfer equipment. Many charts and 
tables. 


330 Homogenizers, utirasonic. Bul- 
letin 259 from Sonic Engineering 
covers energy control, hot-cold tech- 
niques, defibring, chemical reactions, 
mixing, dispersions, emulsifications. 


331 instruments, nuclear. Bulletin from 
Victoreen Instrument covers amplifiers, 
scalers, rate meters, power supplies, 
electrometers, accessory instruments, 
spectrometers, radiation monitoring 
systems. 


332 Joints, swing, stainless. Catalog 
F-8 from OPW-Jordan details swing 


joints in stainiess, bronze, Monel, 
aluminum. 
333 


Laboratory Equipment, plastic. 
New 24-page Catalog H-459 from 
General Scientific Equipment covers 
more than 100 products in polyethy!- 
ene, polypropylene, polyurethane, poly- 
vinyl. 


334 Millis, bali, vibrating. Schutz-O'- 
Neill offer new line of German-made 
vibrating ball: mills which pulverize, 
micronize, mix to critical standards. 
Technical data. 


335 Mixers, batch. Models for labora- 
tory or high volume production. Bulle- 
tin from Daffin Mfg. gives i 
horsepower, dimensions. 


336 Mixers, right-angle drive. Bulletin 
from Stockdale Engineering, US Mixer 
Div., gives dimensions, selection table. 


337 Panels, instrument. New 16-page 
Brochure from Panellit Service Corp. 
describes complete installation thru 
start-up service for automation and 
instrumentation systems. 


338 Platinum Products. New 20-page 
platinum products catalog from J. 
Bishop & Co. includes chemicals, re- 
covery and refining facilities. Conver- 
sion tables. 


339 Pumps, canned. New Technical 
Bulletin from Chempump titled ‘“Or- 
ganic Heat-Transfer Fiuids,"’ describes 
roie of canned pumps in handling heat 
transfer fluids. 


340 Pumps, gear. Bulletin from 
Schutte and Koerting describes applica- 
tions, construction details, operation, 
lists types available. 


341 Pumps, gear, nickel. Eco En- 
gineering offers technical data on its 
“Gearchem” pumps, now available in 
electrolytically pure nickel or caustic 
service. 
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cal data, cross-section drawings, appli- 
cations. 

344 Refrigeration Systems. New Bul- 
letin 172 from Clark Bros. discusses 
relative merits of vapor compression 
and ammonia absorption systems for 
large and small gasoline plants. 


345 Regulator, pressure & tempera- 
ture. Bulletins and complete engineer- 
ing information on new combination 
temperature and pressure regulator 
from OPW-Jordan. 
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346 Sampler, air. Portable, may be 
used for mobile or fixed position opera- 
tion. Details from Staplex. 


347 Strainers, line. Available in sizes 
from 4 to 6 in. flange conections, in 
cast brass, iron, stainless steel. Bulle- 
tin from Spraying Systems. 


348 ## Thermocouples. Newly-revised 
Catalog EN-S2 covers full line of ther- 
mocouples, thermocouple components, 
accessories. Leeds & Northrup. 


349 Tubes, heat exchanger. Brochure 
from Scovill Mfg. gives technical data, 
composition, specifications. 


350 Tubes, heat . Bulletin 
TB-431 from Babcock & Wilcox de- 
scribes new line of ‘‘Lectrosonic” heat 


exchanger tubes. 


351 Tubing, aluminum. New 48-page 
book from Revere Copper and Brass 
gives details of all types of aluminum 
tubing. Selection data, corrosion resist- 
ance. Many tables. 


352 Tubing, reactive metals. Special 
Analysis Memo 121 from Superior Tube 
describes new line of small tubing in 
columbium, tantalum, vanadium. 


353 Tubing, stainless, high-strength. 
Details from Superior Tube on new 
precipitation-hardening stainless anal- 
ysis with outstanding mechanical 
properties at elevated temperatures. 


354 Valves, control. Builetin 150 from 
DeZurik lists bodies, actuators, acces- 
sories. Gives valve sizing data. 


355 Valves, globe. Associated Vaive 
offers technical data on its Series 
1291-A and 1292-A high temperature 
and high-pressure globe valves, for 
liquid or vapor service. 


356 Valves, vacuum, diaphragm- 
operated. Capable of sealing and hold- 
ing vacuum to within 0.5 in. Hg abso- 
lute. Details from Sinclair-Collins Valve. 


357 Weighing Unit, smail-quantity. 
New “‘Mini-Weigh"”, made by Glengarry 
Processes, has a range of 1 to 100 
grams, speed up to 15 weighings per 
minute. Technical details. 


A.1.Ch.E. Membership 


Brochure—‘“‘Know Your insti- 
tute’’—tells objective aim and 
benefits to chemical engineers 
who join this nation-wide organ- 
ization, includes membership 
blank. Circle number 600 on 
Data Post Card. 


| 
| 
| 
| 
| LOW COST EXPERIMENTAL 
FILTER 
(Circle 601 on Data Post Card) 
is available from Hercules Filter. It is 
made in capacities ranging from ten to thirty 
| 
| 342 Pumps, solids-handling. Bulletin 
| PBS56 from Galiger Co. gives complete 
) technical details of the “Vacseal” pump 
| for handling slurries and corrosive 
| | solutions. 
| 
202 from Layne & Bowler gives techni- 
| 


vi TON o-rings 


seal heat exchanger 
at 525 F. 

—outlast other 
synthetic rubbers 
25 to | 


monly used as continuous evaporators. They operate by spin- 
ning the product in a thin film against a heat transfer surface. 
Heat exchange is extremely fast and hold-up very low, so 
high temperatures can be used. 


Bearing seals from pilot plant model (shown above) operated 
at 525° F. The one on the left was made from a standard 
synthetic rubber; the one on the right from VITON. Per- 
formance like this led to use of VITON on commercial models 
of the heat exchanger. Location of VITON seals is indicated 


in the diagram, right. 


GU PONE 


5. pat. OFF 


Expose most synthetic rubber O-ring seals to tem- 
peratures as high as 525° F. . . . subject them, at these ° 
high temperatures, to chemicals like fatty acids, dibasic 
acids, phthalic acid, solvents and petroleum products. 
Do all this, and you know what happens: the rubber 
loses its strength and resilience; it becomes useless as 
a sealing material. The only thing you can do is cut 
back your operating temperature to protect the seals. 


That’s exactly what The Kontro Company, Inc., had to 
do on one processing job for their new centrifugal heat 
exchanger. They had to restrict product temperature 
to 400° F.—125° below the 525° F. needed for opti- 
mum performance. 


But that was before VITON. VITON synthetic rubber 
changed everything. Kontro’s own tests show that 
VITON O-rings work just fine in intermittent operation 
of these heat exchangers at 525° F., lasting 12 to 25 
times longer than other synthetic rubbers that have 
been tried. 


Learn more about VITON. In O-rings, gaskets, hose, 
tubing and other resilient parts, you often need 
VITON’S ability to withstand operating temperatures 
cf 400° F. to 450° F. continuously . . . up to 600° F. 
intermittently. You often need its unmatched resistance 
to oils, fuels, solvents, and corrosive chemicals. VITON 
has good mechanical properties, too—low compression 
set, high modulus, and good tensile strength . . . plus 
resistance to oxygen, ozone and weathering. Write for 
complete technical information to E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Dept. 
CEP-10, Wilmington 98, Delaware. 


ADIPRENE® 


Better Things for Better Living . . . through Chemistry 
Fer more information, turn te Date Service card, circle No. 64 


CHEMICAL ENGINEERING PROGRESS, (Vol. 55, No. 10) 


October 1959 131 


4 
tee 
SEALS ce 
Kontro Adjust-O-Film centrifugal processing units are com- A 
NEOPRENE 
; 


> future meetings 


SPRAYING SYSTEMS MEETINGS—AL.Ch.E. 


+ San December 6-9, 1959. 
Meeting. 


SPRAY NOZZLES 


1959—A.1.Ch.E.—Local Section 


products and services i | + Decatur, Als. Nov. 17, 1959. Holiday Inn. 
Technical Symposium, Tennessee Valley Sec- 
tien A.1.Ch.£. Por info: L. A. Allen, Jr., Chem- 


to improve your production 
| 1959—Non-A.I.Ch.E. 
Cleveland. Ohio Oct. 20-22, 1950. Statler- 
Corrosion Engrs. Contact: A. K. Long, Glidden 
Co., Cleveland 2, Ohio. 
Whatever your application might © | bustion Institute on chemical equilibria and 
be, Spraying Systems Co. offers Contact: of Secretary.” Western’ Btates 
exactly. Over 12,000 standard © | . washington, D. C. Nov. 4-6, 1959. Sheraton 
nozzle types and capacities . . . to 
obtain whatever spray character- Chicese 1. 
istics and capacities you desire > | + Ruston, La. Nov. 5-6, 1959. Campus La. 
in spraying, relative to any inte: Det Pa 
combination of liquid physical | | + Hamilton, Ont. Nov. 9-11, 1959. Chemical 
ualities. Engineering Subject Division Symposium, 


Chemical Inst Canada, 18 Rideau St., Ottawa 
2, Ontario. 


RESEARCH | 1960—MEETINGS—A.I.Ch.E. 
ration, Spraying Sys- : ng. 

tems Co. maintains its own |) | 28. North Avenue, 
continuing study of new 
spray nozzle designs, mate- 
rials and applications. The 
many advantagesofresearch 
are an inherent quality of 
every Spraying Systems 
spray nozzle you buy. 


HT 
i 


Holland, ChE. Dept Texas A&M, Collese 


Henderson. Ney.; The Textile Industry, 

Warren, Chem. Div., Goodyear ‘Tire & Rubber 
Co., Akron 16, Ohio; High Temperature-Pres- 
sure Technology: H R. Batchelder, Battelle 
Memorial Inst. 505 King Ave.; Columbus 1. 


Ohio; Appl 

Treatment, W. W. Eckenfelder, Manhattan 
College, Riverdale. N. Y. 71, N.Y.; Filtration, 
P. M. Tiller, Dean Coll. of Eng., U. of Houston. 
Houston 4, Tex.; Mineral Engineering, W. A. 
Koehler, W. Virginia U.. Morgantown. W. 


Va.; Missiles and Rockets, R. B Filbert, Jr. 
Complete information on spray a | Battelle Memorial Inst., 505 King Ave., Colum- 
3 | bus 1, O.; S:lected Papers (4 sessions Bic- 


nozzle types, capacities and 2 
ormance characteristics are - ct _ | Management themes). R. J. Kyle, Eng. Exp. 
| Sta., Georgia Tech, Atlanta 13. Ga. 


available in reference catalog 
* Mexico City, Mexico, June 19-22, 1960. Ho- 

form. Data Sheets on hundreds | tel Se 
of basic applications are also yours : i Nat. Gas Co.. 2223 Dodge St.. Gace 1, Bese. 
i ; j ing in Latin ohn 
for the asking. You will find 
Spraying Systems a reliable ref- bs Y = | | Square, New York 4, N. Y. Petroleum and 
erence source for any inf tio 
| Austin, T nancing nterna- 
concerning spray nozzles and Projects: Ostimization-Pitialts & 
application. tentials—W. M. Carlson, Eng. Dept., Dupont, 
Wilmington 98, Del. Chemica! Engineering Ed- 


| | weation in the Americas—W. R. Marshall. 
SPRAYING SYSTEMS CO. and Biochemicals—E. L. Gaden, Ch.E. Dept.. 
: | Columbia U., New York 27, N. ¥. Minerals and 


3284 RANDOLPH STREET Metals—D. B. Coghlan, Foote Mineral Co.. 
Berwyn, Pa. Transfer Processes in Two-Phase 
BELLWOOD, ILLINOIS 


4 Bankofy, Northwestern Univ., 


Por, information .. . Your 
inquiry for Catalog 24 is invited. 


ke Katzen, 3735 Dogwood Lane, Cincinnati, O. 

x Pict Plants—J. T. Cumming, Fenn College. 

Cleveland 15. Ohio. Cost Estimation—R. Voor- 

hees, Union Carbide Devel. Co., 30 EB. 42d St.. 

N. ¥. 17, N. ¥. Setected Papers—J. A. Sama- 
niego, Shell Devel. Co., Emeryville, Cal. 
Deadline for papers: January 19, 1960. 


* Moscow, USSR. June. 1960, ist Congress of 
International Fed., Automatic Control. To 
cover areas of Theory, Hardware & Applica- 
tions of Automatic Contro!. U. 8. participation 
sponsored 


SPRAY NOZZLES FOR MEASURABLE BETTER PERFORMANCE — 


continued on page 134 
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End algae problems 


Eliminate problems of plugged pump strainers, coated easy, 
heat-exchanger tubes and coated slots in cooling towers. 

Control is safe. . . quick with Allis-Chalmers No. 120 low-cost 
Series Algaecide. w ay 

This algaecide is toxic to more algae than any other. 
On the other hand, it has low toxicity to fish or animals 
and is extremely safe to handle. Even in concentrated 
form it is only a mild irritant to skin and hands. 


A little goes a long way! Only 2 to 5 ppm are 
required for effective dosage of most organisms. It’s easy 
to feed into the system ...and is non-oxidizing and 
corrosion inhibiting. 

No water conditioning specialist needed to use it! 
Buy it and try it. Purchase directly from your nearby 
A-C office or write Allis-Chalmers, Power Equipment 
Division, Milwaukee 1, Wisconsin. 
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Flexible Piping Connections 


fr BATCH 


BATCH 
WEIGHING 


WEIGHING 
TANKS 


TANK 


OR UP 


AE. \Z 


FEATURES 


elleys. 


TION—Ask of new | 
2158 end fer therme 
expension applicetions. 


«©, BY 


Hough Street 


. 


! with BAR 
BALL JOINTS 


above 
typical chemical plant use for Barco Ball 
Joints in making flexible piping connections 
to chemical and processing tanks, vats, and 
vessels that move. In the case of weighing 
tanks, the movement usually is small but 
Barco Ball Joints (2,3, or more) can be used to 
provide for virtually any movement desired. 
Barco flexible connections offer a number of 
important advantages: (1) PERMANENT. 
Metal joints and pipe last a lifetime; easily 
withstand rough use; do not deteriorate. (2) 
FIRE SAFE. Important when 


co 


and sketch show a 


handling 
ns, oils, chemicals. Will not blow 


hydrocarbo 

out. (3) ELIMINATE MAINTENANCE. Do 
not have to be replaced periodically. 

For recommendations on how to use Barco 
Flexible Ball Joints, ask for a Barco 
engineering field representative—located in 
principal cities. 


BARCO MANUFACTURING CO. 


Barrington, Illinois 


in Caneda: The Holden Co., itd., Montreal 


Fer more information, turn to Data Service card, circle No. 56 
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p> future meetings 
from page 132 
societies: A.1.Ch.£., ASME, 
M. 


+ Buffalo, N. Y., Aug. 14-17, 1960. Statler Hil- 
tional Heat Transfer Confer- 
ence & Exhibit. Sponsored by A.1.Ch.£. & 


Minn. Exhibit info to P. A. ALCh.E., 
25 West 45 St., N. Y. 36, 


to Engineering— 


rad Oi] (ind.), Whiting, Indiana. Re- 

finery ral Gasoline Piant 
Agricultural 

Tex. Eng. Sta.. Tex. A&M. Coil. a 

Tex. Area ical Reactions In- 


Conservation & Utilization of Water—F. J. 
Lockhart, Ch.E. Dept.. U. of So. Cal. 3551 
University Ave., 

: Syracuse 10, 


Wash. 25, D.c. Computers as a Management 
Tool—R. 


id Mm i tzner, of Dela- 
ware, Newark, Del. Student Selected 
Deadline for papers: May 2, 1960. 

WwW D. C. Dec. 4-7, 1960 

Hotel. A.1.Ch.€. Annual 
. D. O. Myatt, Atlantic Research ° 

Alexandrie, Va 


Assistance 
grams; Resource Development: Utilization and 
Reciama 


Government; Fluid 


1960—Non-A.|.Ch.E. 


ASTM E13 Committee: T 


Prog. 

P.O. Box 6, New Orleans 6. La. 
Catalytic Reaction; Brainstorming Technical 
Probiems; Petrochemicais—Future of the In- 
dustry on Guif Coast; Future 


Processing 
Technologies in the Petroteum industry; Edu- 
cation and Professionalism; Mathematics in 
Chemical Engineering; Liquid—tiquid Extrac- 
tions; New in the Area; Water from 
Sea Water; Materials jon; Evalua- 
tion of Research & 
Fiew Through Porous Med . 
Deadline for papers: Sept. 5, 1960. 


Fer more information, circle No. 102 > 
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if 
| 
ASME. AIChE. papers to W. Churchill, U. 
: of Mich., Ann Arbor, Mich. ASME papers to be 
J. P. Hartnett, U. of Minnesota. Minneapolis. 
* Tulsa, Okla., Sept. 25-28, 1960. Hotel ‘ae 
| SCALE 3 PLATFORM A.L.Ch.£. National Meeting. Tech. Prog. 
K. H. Hachmuth, Phillips Petroleum Co., 
BARCO Bartlesville, Okla. Transport Processes in 
3 Petroleum Recovery—L. P. Whorton, Atlantic ae 
BALL JOINTS Refining, Box 2819, Dallas 1, Texas; Natural 
j Gas & Natural Gas Liquids—R. L. Huntington, 
a U. of Oklahoma, Norman, Okla. Advances in 
— Refinery Technolosy—W. C. Offutt, Gulf R&D 
Co, P.O. Drawer 2038, Pittsburgh 30, Pa. 
| Petrochemicais—C. V. Foster, Continental Oil 
Co., Ponca City, Okla. & H. L. Hays, Phillips 
| iia = Chem. Co., Bartlesville, Okla. Piloting, or Why 
| Z Buy the Restaurant When All You Need is a of 
Meal—R. E. Weis, Phillips Pet. Co., Bartles- 
Ville, Okla. & D. Popovac, Continental Oil 4 
Co., Ponca City, Okla. Corrosion & Materials 4 
of Construction—W. A. Luce, The Duriron a 
Co., P.O. Box 1019, Dayton 1, O., & M. 8S. 
Worley, Black, Sivalls & Bryson, P.O. Box 
1714, Oklahoma City, Okla. Statistics and 
R. Heiny, 2709 Jefferson, Midland, Mich. 
if Dest Mich. Ann Arbor Mic 
| Cl 
Tentative Program framework: Chemical En- 
ij gineering in Govt. Programs. Agency Ori- ied 
ented: Nuciear Energy, Health and Educa- 
Warfare Techno Wart and 
| Basic Research 
ness ‘with th 
and Aerosols; Dustion; Materials Deterio- 
ration; New Process Techniques; Unsteady 
/ i Ne. 11-CT fer corre- Processing Units; Missiles and Rockéts; De- Pat 
sien Techniques for Very Large Systems; 
- Information and Communication; Character- 
MAXIMUM FLEXIBILITY — Up to istics of Portable and Expendabie Plants and ae 
40° side flexibility with 360° retating Equipment. et 
Deadline for papers: July 5, 1960. 
| 
eek March, 1960. 
to Jos. W. Goldzieher, Southwest Foundation 
<i — for Research & Education, P.O. Box 2296, San oe 
4 Antonio, Texas by Nov. 1, 1959. 
a Ae 1961—MEETINGS—A.I.Ch.E. 
+ New Orleans, La. Feb. 26-Mar. 1, 1961. Hotel 
Roosevelt. A.1.Ch.E. National Meeting. Tech. 
) Truly Complete Line of Flexible Ball, Swivel, Swing and Rotary Joints continued on page 138 bs 
| 
| 
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ler-type 
Granviating Mill 


CONVERT FINES 


to high-quality granules with 
a complete processing circuit 


The Allis-Chalmers compacting process can turn 80 to 90% of 
your present waste fines into salable granules . : . often of higher 
quality than the granules produced in your original process. 
For example: Tests on products reconstituted by the Allis- 
Chalmers system have shown compacted granules to have better 
controlled solubility, more uniform particle size, better “eye- 
appeal” and freer flow. 

Here’s how fines are recovered: Waste or fine salts from the 
original process are fed into a compacting mill. The mil] me- 
chanically densifies the fines into flakes. Flakes are then granu- 
lated by a roller mill—separated and sized by a vibrating screen. 

For more information, get Bulletin 07B8836 from your A-C 
representative or write Allis-Chalmers, Industrial Equipment 
Division, Milwaukee 1, Wisconsin. 


A-1191-C 


SCOPE in INDUSTRY | 
SPECIALIZATION from... 
Ms 4 
| 
A BA ; 
| 
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>> industrial news 


Acetic acid expansion 

at Celanese 

Celanese Chemieal has just completed 
an expansion of its acetic acid facility 
at Pampa, Texas, which doubles plant 
capacity. The 240 million pound a 


The new unit consists of high-volume 
centrifugal compressors and distillation 
towers, and major alterations to puri- 


fication units. 


pee plant, the company says, is the 
gest acetic acid manufacturing unit 
in the country. 

Celanese makes acetic acid by its 
own process which consists essentially 
of partially oxidizing hydrocarbons 
under high pressure, then following 
with purification steps. 

The acetic acid and its derivatives 
are upgraded to produce beta propio- 
lactone, acetic anhydride, vinyl ace- 
tate, acetate esters, and other chemi- 
cals, The additional facilities will also 
be used to increase output of tri- 
methylolpropane and the acrylate es- 
ter group. 


More expansion for 
polypropylene 


Facilities for polypropylene produc- 
tion to be built by Dow at Torrance, 
California, will go on stream in 1961. 
The Torrance plant, main location of 
the company’s western plastics output 
since 1953, will supply west coast 
market requirements. 

AviSun, which has also thrown its 
hat into the market, becoming the 
second U.S. firm to make polypropy- 


lene available in commercial quanti- 
ties, has completed its 20 million 
= per year unit at Port Reading, 

ew Jersey. The unit is operated by 
ei personnel under the tech- 
nical direction of AviSun, which is 
leasing the converted polyethylene 
facilities. 

Limited commercial quantities of 
polypropylene are being made at 
Longview, Texas, by Texas Eastman 
(Eastman Kodak). Eastman uses its 
own process to manufacture the plas- 
tic. 


A 15 percent price reduction on am- 
monium te just put into ef- 
fect by American Potash & Chemical 
brings the basic price down to 29 
cents a nd for standard grade in 
carload lots. Decrease in the price 
of the widely used oxident for solid 
fuel rockets was made possible by 
increased demand. 

A new $2 million research center 
dedicated recently by Leeds & North- 
rup, is located at North Wales, Pa. 
The 65,000 square-foot building is 
designed for expansion te approxi- 
mately three times its present size. 


GHH 
SCREW 


COMPRESSOR 


® Oil-Free Operation 
® No Metal-to-Metal Contact 
of rotating elements 


® Over 400 Units in Operation handling air, 
hydrocarbons, and many other gases 
® Suction Volumes 350 to 15,000 cfm 


* Compression Ratios up to 1:4 for single stage 
and 1:10 for two-stage units 


GUTEHOFFNUNGSHUITTE 


STERKRADE AKTIENGESELLSCHAFT 


STERKRADE WORKS 


GERMANY 


REPRESENTATIVES: THE FORAM CORPORATION 


50 BROAD STREET, NEW YORK 4, N.Y. Telephone: Wiitehal!l 3-8241 


Fer more information, turn te Date Service card, circle No. 84 
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HARSHAW FLUORIDES 


One of the largest facilities in the world for the manufacture of fluorides makes available 


cen 


a long list of Harshaw quality fluorine compounds. If required, you are invited to draw 
on the knowledge and experience of our staff of technical specialists on fluorides. We 
have a background of more than forty years experience as a major producer. 


Ammonium Biflvoride 


Ammonium Fivoborate 
Antimony Trifluoride Sublimed 


Barium Fluoride 
Bismuth Fluoride 
Boron Trifluoride 


Boron Trifivoride Complexes 


Cadmium Fluoborate 
Chromium Fluoride 
Copper Fluoborate 
Fluoboric Acid 


BORON TRIFLUORIDE 
HYDROFLUORIC ACID 


ANHYDROUS... 


Fivorine Cells 

Fluorinating Agents 

Frosting Mixtures 
Hydrofilvoric Acid Anhydrous 
Hydrofivoric Acid Aqueous 
Hydrofivosilicic Acid 

Lead Filuoborate 

Lithium Fluoride 

Metallic Fluoborates 

Nickel Fluoborate 


THE HARSHAW CHEMICAL CO. 


1945 EAST 97TH STREET + CLEVELAND 6, OHIO 


AQUEOUS 


Potassium Bifiuoride 
Potassium Chromium Fluoride 
Potassium Fluoborate 
Potassium Fluoride 

Potassium Titanium Fluoride 
Silico Fluorides 

Sodium Fluoborate 

Tin Fluoborate 

Zinc Fluoborate 

Zinc Fluoride 


CHICAGO « CINCINNATI + CLEVELAND 
DETROIT N.Y. HOUSTON 
LOS ANGELES PHILADELPHIA PITTSBURGH 


For more information, turn to Data Service card, circle No. 95 
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thermocouple 
problems 


limited space 
temperature 
pressure 


SERVRITE 


Premium Sheathed Thermocouples 


(020° to O.D.) 


Problems of space limitation, 
temperature, or pressure are solved 
with Serv-Rite premium sheathed 
thermocouple wire. For maximum 
sensitivity, accuracy and quick re- 
sponse, Serv-RuitF will furnish the 
best service for your dollar. 
Featuring hard-pack insulation 
with heavy wall construction, 
Serv-Rure is fully flexible and can 
be bent to suit requirements. In 
addition to a choice of junction 
tips, fittings and connectors, 
Serv-Rite premium sheathed wire 
is available in a wide range of 
sheath materials, bright annealed. 
Standard and special thermocou- 
ples are made to suit any need. 
All wires used in Serv-Rrre 
premium sheathed thermocouple 
wire are selected and matched to 
conform to “Special” limits of 
error as set forth by I.S.A. Recom- 
mended Practice, R.P. 1.3. This 
wire meets the strictest over-all 


BULLETIN 1200-4 
for complete details, 
ordering data, and 
prices on SERV-RITE 
premium sheathed 
thermocouple wires 
accessories. 


Serv-RIte premium sheathed thermocouple wire is 
manufactured exclusively by Pyro Electric Company. 


W 
CLAUD S. GORDON CO. 


Manufacturers Engineers Distributors 


631 West 30th Street, Chicago 16, Hlinois 


2003 Hamilton Ave., Cleveland 14, Ohio 
For more information, circle No. 23 
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+ Cleveland, O., May 7-10, 1961. Sheraton- 
Cleveland. National Meeting. Tech. 
Prog. Chmn.; R. P. Dinsmore, Goodyear 

& Rubber Co., Akron 10, O. 


Unscheduled Symposia 


Program 

Chairman listed with each symposium below. 
c ste Ooti nm of Process 
Equipment: Chen-Jung Huang, Dept. of Chem. 
Eng., Univ. of Houston, Houston 
4 
Solar Energy Research: J. A. 
of Solar Energy Univ. of Wis- 

Madison, Wis. 
Hydrometallurgy—Chemist 
traction: G. H. Beyer, Dept. of Chem. Ene.. 
Univ. Mo., 
Process Dynamics as They Automatic 


Special Courses for 
New York Area 
A.1.Ch.E. Members 


New jucati 

am, which began this month ice 
sponsorship of A.LE.E. and 

ASME, will continue for the coming 

academic year. 

Other courses are Basic Engineer- 
ing Sciences, including practical ap- 

mics. expected to be of in- 
terest are the group on Effective 
Speaking for Engineers, and Modern 
Technical Report Writing. 

Registration, which is open me mem- 
bers of engineering groups at reduced 
rates, is through com- 
mittee of either sponsoring organiza- 
tion. For full details of courses, 
including location of each session, 
write the sponsoring societies. 


New bleached sulfate mill to be built 
at Woodfibre, B.C., Canada, by Ra- 
yonier Canada, Ltd., will have a ca- 

ity of 250 tons of high quality 
Bleached kraft pulps a day. The com- 
pany, formerly called Alaska Pine & 
Cellulose, is using its old mill as a 


site. 


R ESEARCH 


* Devevopment 


REQUIRES THE BEST 
MIXING, GRINDING 


& DISPERSING EQUIPMENT 


a #130EL—2 gal. 
variable speed 


stainless steel 


cons ond up to 1 
HP exp. prf. motor 
drive. 


clean, jacketed, and with vacuum cover when 


#52LC — 44x10". 
Three Roll Mill 


impact, 
abrasion and hy- 
dravlic shear. 
laboratory or 

sizes. 


Write for complete information! 


CHAS. ROSS & SON CO.,INC. 


\Leading mfgrs. of wet or dry grinding Mills, 
Kneoders and Mixers of all types — since 1869. 


For more information, circle Ne. 38 


For more Information, circle No. 132? 


148-150 CLASSON AVE., BROOKLYN 5, N. Y. 


4+ 


BUss2es 


\) 
| 
of Can Mixer—1 
qt. — 150 gol. 
| & 
i] troi— yd, Universe 
Des Plaines, Il. 
Nuclear Chemical Plant Safety—C. E. Dryden. 
Muctear Reactor Operations—R. L. Cummings, | Yecvum tight Mix- 
Atomics International P.O. Box 309, Canoga | or. Available with a 
} 
| Courses in Structural Planning and — 
) Design, and Engineering Economics | 4,, 
4\A—1 Pt. Double Arm Kneader. 
| and Practice, are available to New | 
York area members of A.LCh.E. as required. 1 Pt.—150 gal. sizes. 
| part of a series of review study groups. = 
Purpose is to prepare for professional 
with water cooled a . 
rolls, one point ad- = I 
jvstment and quick @ 
a x5” — 16" x40 
sizes. 
it 
#70-H size 4 Dry 
— Grinding Mill Vari- 
specifications. ey able speed drive, 
with 1” feed size 
and #100 mesh os 
including other type 
Disintegrators,Crush- > 
ers and Pulverizers. A 
| #140DL — High 
Speed Disperser 
with specially de- > i: E 
signed multiple 
action Millhead. 
Variable speeds 
ES up to 8000 FPM 
\ 
4 
| 
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A Series for Chemists and Executives of the Solvents ol Chemical Consuming Industries 


Sodium Alcoholates Act as 
Catalysts for Formation of 
Graft Polymers by Milling 


Government researchers reported recently 
that graft polymers can be prepared by milling 
the component resins together on an ordinary 
roll mill with an anionic catalyst such as a 
sodium alcoholate. The reactanis need not be 
solubilized, since reaction takes place right 
on the mill. 

So far, styrene has been grafted onto poly- 
butadiene and onto a copolymer of butadiene 
and acrylonitrile by this process. In a typical 
preparation, polybutadiene is milled with dis- 
persed sodium until the mixture reaches 60°C. 
After cooling the rolls to 20°C., styrene is 
added, then propinol. Cooling stops and poly- 
merization begins. 

Temperature control is of the greatest im- 
portance to the success of the reaction. Too 
much heat causes gel formation; too little 
yields polystyrene. The researchers report that 
stabilizers need not be removed from the 
resins since they do not interfere with the 
grafting process. Resins can therefore be 


stored until used. No inert atmosphere is nec- 


essary. 
Information on the preparation of sodium 
dispersions and their use as polymerization 
catalysts generally, as well as their use for 
sodium alcoholate preparation, is contained 
in U.S.L’s brochure on Sodium Dispersions. 
This brochure may be obtained on request. 


n-Butyl Alcohol Data Sheet 
Just Issued by U.S.L. 


n-Butyl alcohol — solvent for coatings and 
resins and intermediate for plasticizers, res- 
ins, weed killers, ore flotation agents and 
many other compounds —is described in a 
new technical data sheet now available fom 
USL 

Specifications, properties, shipping and 
application information are inclu 
advantages of the material as a solvent for 
nitrocellulose lacquers are highlighted. 

The data sheet can be obtained from U.S.L 
sales offices or from the Industrial Alcohol 
and Solvents Sales Department at 99 Park 
Avenue in New York. 


Ether Aerosol Gives 
Diesels Quick Start 


Ethyl ether and a lubricant have been com- 
bined in an aerosol formulation designed to 
permit quick starting of diesel engines in 
cold weather. 

The formulation, recently put on the market 
in pressurized cans, is said to be low in cost 
and to perform at temperatures down to minus 
60°F. Advantages cited for this priming fuel 
include: reduced dilution and wear, minimiz- 
ing of strain on engine parts and batteries, 
prevention of downtime, elimination of tow- 
ing and extra labor costs. 


New Uses Developing Rapidly 
For Polyethylene Film in 
Chemical Plant Construction 


Film Makes Ideal Moisture Barrier for Buildings and Roads; 
Protects Construction Machinery, Equipment and Materials. 
The ready availability of low-cost polyethylene film in a wide range of widths, 


lengths and thicknesses is changing the face of the construction industry. New 
building practices and techniques are evolving rapidly to take advantage of the 


New Analysis for Naphthas 
Uses Gas Chromatography 


At the ACS meeting at Atlantic City in 
September, it was reported that a shortened 
analysis for olefin-free naphthas has been 
developed. Gas chromatographic methods. 
using ethyl chloride as an internal standard, 
is said to give the content of Cs and lighter 
components in these naphthas in one-third 
the time formerly required by standard low- 
temperature fractienal distillation (LTFD) 
methods. 

The naphtha sample, blended with ethyl 
chloride, is injected onto Silicone 200 on a 
column of Celite. The technique involves re- 
versing the flow of the helium carrier gas 
after n-pentane has come off, to backflush the 
heavier components from the column. 

In addition to the time-saving aspects of the 
new method. it is claimed to give outstanding 
reproducibility as well as improved accuracy 
over the LTFD method. 


excellent moisture barrier characteristics, 
strength and light weight of the material. 
Another great advantage in construction 
work is the durability of polyethylene film. It 
has great toughness and elasticity and will take 
considerable abuse without tearing. It stays 
flexible under all types of weather conditions. 


Film Valuable in Concrete Work 


Constructors of chemical plants, commer- 
cial buildings, homes and other structures are 
employing polyethylene film for three general 
types of jobs: in concrete work; as a vapor 
barrier for interiors; as a protective covering. 

As a curing agent for concrete slabs, poly- 
ethylene film laid over the watered, hardened 
concrete retards evaporation and allows the 
slab to age slowly, giving maximum hardness. 
The sheet can then be used again, either for 
the same type of job. or under a foundation 
slab or concrete road section as a moisture 
barrier 


Because of its flexibility, 
strength and light weight, more 
polyethylene film has proved 


Polyethylene terpeulin being pieced ever building materials during plont construction, 


= 
— 
| 
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Polyethylene 


CONTINUED 
Film 


easy to handle in concrete work, and cuts 
down on tearing, which has been a problem 
with many other materials. 


New Use in Tilt-Up Construction 


In tilt-up slab concrete construction, poly- 
ethylene film is being used as a bond-breaking 
barrier. A layer of film is laid on the surface 
on which the slab will be poured, to separate 
it from that surface. After drying, the poured 
slab can be tilted up from the surface quickly 
and easily. Its undersurface is smooth, and 
it has received a strong, even cure because 
moisture barrier istics of the 


In the pouring of foundation walls. poly- 
ethylene film is being employed to line the 
forms for smooth finish and better curing. It 
is then attached to the walls before backfilling, 
to act as a moisture barrier for the completed 
foundation. 

Polyethylene film acts as an excellent mois- 
ture barrier on side walls and ceilings, in the 
water-proofing of beams, in the flashing of 
stone and brick sills, for flashing window and 
daor heads in masonry construction—in short, 
for all types of moisture-proofing work on 
buildings. 

Film Protects Work and Personnel 


Finally, chemical constructors find that 
polyethylene film gives excellent protection 
from the weather — for men, structures, equip- 
ment, machinery and materials. On unfinished 
buildings, it keeps out wind and dirt while 

itting the sun's light and heat to enter. 
Work can continue, uninterrupted by cold or 
storm. And as a tarpaulin, polyethylene film is 
light and easy to handle — provides the most 
inexpensive protection available for expen- 
sive equipment. 

The future of polyethylene in the building 
industry continues to be brightened by new 
applications. For example, “bubble houses” 
held up by air pressure show promise as 
economical shelters for construction work or 
temporary storage. New uses such as these 
promise to further the spectacular growth 
which has been characteristic of polyethylene 
in recent years. 


POLYETHYLENE RESINS 


CHEMICALS 


Fusel Ol, 
DIATOL®, Diethyl Oxciote, 


Another New UV Absorber 
Developed for Polyethylene 


A metal-organic stabilizer has been devel- 
oped to protect polyethylene film, sheet and 
monofilaments against deterioration from ul- 
traviolet action during outdoor exposure. It is 
claimed that a two- to five-fold increase in 
the useful life of the finished product can be 
obtained through incorporation of this stabil- 
izer into the resin. 

The compatability of the product with poly- 
ethylene and its high thermal stability are said 
to make it suitable for low-gauge films where, 
because of the high ratio of surface area to 
volume, conventional UV absorbers are not 
too effective. 

As little as 0.25% of the product has been 
found to give effective stabilization. However, 
0.5% is generally recommended. At these con- 
centrations, the very slight green color im- 
parted is reported to be negligible, particu- 
larly in low-gauge stock. The material is also 
recommended for use with polyolefins other 
than polyethylene. 

The following typical weathering data is 


given for conventional polyethylene: 


r Percent Elongation Versus Hours 
of Accelerated Weathering® 


Hours cf Exposure 


Stabilizer 
Concentration, % ie) 150 250 


0.0 (unmilied sample) | 545 | 105 | 26 
0 (milled sample)** 388 86 
(mitied sampie)’* 400 366 
0.5 (milled sampie)** 262 247 252 


*Acceleroted weathering conducted in Fade-O- Meter. 
Five-mil, extruded film used for tests. 


**Stondard procedure includes 10-minute milling ef 
resin ond additive, at or neor mel! tempercture 
of respective resins, on 2-rol! plastics mill, to 
insure complete dispersion. 


and intermediates: Normo! Buty! Alcohol, Amy! Alcohol, 
Ethy! Acetete, Norme! Buty! Acetate, Diethyi Carbonate, 
Ethy! Ether, Acetone, Acetoacetanilide, 


Pe ODUCTS 


TECHNICAL DEVELOPMENTS 


Information about manufacturers of these 
items may be obtained by writing USI. 


New, all-inorganic zinc ting is designed to 
give high galvanic protection cnd to eliminate 
subtilm rusting in fresh and salt water, sol- 
vents. Claimed effective froin —80°F to +750°F. 
be used as single coat or as one coat. 
No. 1520 
Hi rare earth metals 
and is now sold. Brings to 
gether for first time current data on physical, 
crystal, chemical, mechanical, electrical, mag- 
netic, nuclear and thermodynamic properties 
of the 15 rare earth metals plus yttrium. 
No. 1521 
Electron beam welding process has been devel- 
oped for zirconium, hafnium, tantalum and 
other reactive metals impossible or very dif- 
ficult to weld by ordinary means. Uses high 
intensity beam in high vacuum. No. 1522 


Ab oth, 


Pact file on titanium and titanium alloys can 
now be obtained. Booklet contains sections on 
high temperature performance, corrosion and 
erosion resistance, properties, - ma- 


New use for molecular sieves —to both store 
and tame a large number of chemical compounds 
which are extremely volatile, toxic or reactive 
— is described in a booklet now available on 
chemical-loaded molecular sieves. No. 1524 
Phospho and silico molybdic acids are now be 
ing produced in experimental quantities. Sug- 
gested for use in analyses and in petrochemical! 
and pigment fields, as catalysts, organic ies, 
cipitants and corrosion inhibitors. No. 1525 


An atomic industry directory of products, equip- 
ment and services can now be purchased. Gives 
product and service profiles of over 200 industrial 
organizations active in development and use of 
atomic energy here and a! No. 1 


Colorimetric unit for quick-testing of low con- 
centrations of dissolved oxygen in boiler feed- 
water is now on market. Claimed accurate to 
within two parts per billion of oxygen. Said to 
be easy to use by inexperienced a. 


Tetranitromethane oxidizer for high-energy liq- 
uid and solid rocket and missile fuel systems is 
described in new data sheet. Active oxygen 
content is close to liquid oxygen while formu- 
lation of stable, storable fuels is — sane 


New pH calculator, set up like a slide rule, 
soives complex problems involving concentration 
of buffer solutions, rapidly and easily. Eliminates 
logarithm calcuations with scales that can be 
read to second decimal place. No. 1529 


U.S.P. (Ethy! Corbomate), 


Sodium Oxalacetat 
Riboflavin U.S.P. 


Products: Di-Methionine, N-Acety!-Di-Methionine, Urethon 


and USP, intermediates. 
molding and thermo- Heavy Chemicals: Anh 


A 


Nitrate, Nitric Acid, 


Nitrogen Fertilizer Solutions, Puesohatte Fertilizer Solution, Sulfuric Acid 
Caustic Seda, Chicrine, Metallic Sodium, Sodium Peroxide. 


Alcohols: Ethy! (pure and al! denatured Regular 
ietary Denatured Alcohol Solvents SOLOX®, FILMEX®, ANSOL® M, 


Propri 
ANSOL PR. 


Acetoacet-Orthe-Chioranilide, Acetoacet-Ortho-Tolui 
acetate, Ethy! Benzoylacetate, Ethy! Chiorofermate, 


Animal Feed Products: Antibiotic Feed Supplements, Calcium Pantothen- 
ote, Choline Chioride, Special Liquid CURBAY, Menadione (Vitomin K;), 
DL-Methionine, MOREA® Premix, Riboflevin Products, Permadry, 
Vitamin By, Feed Supplements, Vitamin D,. 


formulas); Anhydrous and 


ision of Notional Distil 


ond Ch 


99 Park Avenue, New York 16, N. Y. 


Atlanta * Baltimore * 
Detroit * Kansas City, Mo. * tos Angeles * Louisville * Minneapolis 
New Orleans * New York * Philadelphia * St. Lovis * Son Francisco 


U.S.1. SALES OFFICES 
Boston * Chicago * Cincinnati * Cleveland 


ail 
i| 
| | | 
| 
| | | 
| | 
| | 
ii | 
| 
| ; chining, fabrication, welding and testing 
No. 1523 
| 
| 
| 
] 
| 
| | 
| | 
| 
PETROTHENE® Polyethylene Resins Phoarmaceut 
Top grade resins for film extrusion, paper coating 
cable coating, colendering, injection molding, blow 
e cete- 
| Ethylene, Ethy! 
| 
u USTRIAL CHEMICALS CO. 


Nature produces refrigeration (snow, 
sleet, and hail) indirectly by change of 
atmospheric pressure to bring warm 
water vapor in contact with cold air. 


As a method of industrial refrigera- 
tion, jet vacuum refrigeration is thor- 
oughly established and is successful in 
many hundreds of industrial plants in 
capacities varying from a few tons to 
4500 tons. 


The unit sketched can be placed out- 
doors and operated continuously or in- 
termittently in any climate. The equip- 
ment adapts itself readily to automatic 
control or is very easy to control manu- 
ally. The unit is self-supporting. There 
are no moving parts, no noise, no vibra- 
tion. The maintenance and supervision 


required are negligible. 


Comes Neare 


While most vacuum installations are 
used to cool water, vacuum cooling is 
particularly efficient for cooling chemi- 
cal solutions. instead of the usual ex- 
pensive heat transfer surface, only 
simple corrosion-resistant vessels are 
needed. Some process plants have 
dozens of separate units totaling thou- 
sands of tons of refrigeration just for 
the purpose of cooling chemical solu- 
tions. Their record of savings is re- 
markable. 

There are many other applications, 
too. Fresh vegetables other moist 


al Refrigeration 


In each case, water is its own re- 
frigerant or cold air serves the pur- 
pose. Jet vacuum refrigeration comes 
nearest to this natural refrigeration. 


solids are readily cooled by jet vacuum 
refrigeration. By adding a heat ex- 
changer bundle inside the vacuum 
chamber, gases can be cooled without 
circulating any liquid. in some cases, 
the automatic de-aerating effect of 
vacuum cooling is important. 

Many installations of old style me- 
chanical refrigeration could be re- 
placed profitably with vacuum refrig- 
eration, which costs much less to buy 
and somewhat less to operate. , 


All inquiries will be given careful 
engineering study without obligation. 


Main Office: 751 Central Avenue, Westfield, N. J. 
New York Office: 17 John Street, W. Y. 38, N. Y. 
Chill-VACTORS® Steam-jet EVACTORS@ - Aqua-VACTORS@ Fume Scrubbers Specie! Jet Apparatus 


For more information, turn to Data Service card, circle No. 31 
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CROLL-REYNOLDS 
| 
| 
Ge af. 4 
| 
NO OR | 
ABSORBENT TO LEAR. @OMRODE OR CRYSTALLIZE 
CROLL. 
| 
RE' ; 
i 
— 


meeting preview 


San Francisco—the technical program 


Applications of di and 
computers will be pepo of al 
technical sessions at the Francisco 
— December 6-9. Re- 

ted topics in fast-growing field 
will be ‘fennd in the symposia on 
Operations Research, Process Dynam- 
ics, and Computers as Teaching Tools, 
and in the report from A.LCh.E.’s 
Machine Computation Committee. 
Along these same lines will be the 
—_ all-day Sunday lecture on 


ocess Devel Statistical 
Method,” ted C.E.P. Box 
and J. S. Hunter of Princeton Uni- 


versity. (This event will have a re- 
stricted attendance requiring separate 
advance registration. ) 

This time possibly the largest selec- 
tion of papers. yet. at 
tute meeting will be heard. One gen 
eral with Kinetics, 
another wi rmodynamics, and 
others will present recent data on 
fluid mechanics, mass transfer, trans- 


port properties, and equipment de 


sign. 
Among the varied symposia being 
offered, a topic of general interest 
will be “Outlook for Natural Re- 
continued on page 144 


W. B. HausermMan 


Philadelphia Quartz Co. of California, 
Berkeley, Calif. 


The beauty of the countryside around San Francisco is typified by this 
view of world-famous Stanford University. 


Three-Day Schedule of Technical Sessions 


MONDAY, DECEMBER 7 
2:00 to 5:00 P. M. 


TECHNICAL SESSION NO. 1-——FUNDAMEN- 
TAL CONCEPTS OF THERMAL METHODS 
OF RECOVERY OF PETROLEUM—IN SITU 
COMBUSTION. 


Chairman: FP. H. Poettmann, Ohio Oil. 


Media Containing Stationary Fluid, Daizo 
Kunii and J. M. Smith, Northwestern Univ. 
Equations for predicting the effective ee 
conductivity of beds of unconso! 

ticles containing stagnant fluid. 

A Theoretical Analysis of Heat Flow in Re- 
verse Combustion, V. J. Berry, Jr. and D. R. 
Parrish, Pan American Petroleum. A theo- 
retical analysis of heat flow in reverse com- 
bustion’ process, assuming linear flow in a 
homogeneous system. 
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c in Underground Com- 
bustion, H. R. Bailey and B. K. Larkin, Ohio 
A model of heat flow 


method presented here is applicable to any 
natural rock material, and a continuous rec- 
ord of change of diffusivity with temperature 
may be obtained in the range of 150-1000°C. 


TECHNICAL SESSION NO. 2 — DIFFUSI N 


AND MIXING IN TURBULENT FLOW. 
Chairman: T. Baron, Shell Development. 


Developed Pi 
T. J. Walsh, Case Institute of Technology. 


Measurements of turbulent diffusion in the 


central region of pipe flow used to find 
the Lagrangian 


Effect of Turbulence on Drag Coefficient of 
Spheres in Steady and Motion, 
L. B. Torobin and W. H. Gauvin, McGill 
Univ. Drag coefficients of smooth spheres 
measured with a new method to study the 
effects of acceleration, turbulence intensity, 


and spectrum 
luctuations in a Stirred Baf- 


fluctuations im a stirred vessel in terms of 
statistical parameters which characterize va- 
rious regions in the vessel. 

Mixing in a Jet-Stirred Reactor, W. Bartok, 
C. E. Heath and M. A. Weiss. Esso Research 
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| 
| 
| 
| 
in an underground combustion process. The 
results are in the form of equations and sare 
presented in graphical form for a number 
of cases. 
A Method of Measuring Therma! Diffusivities 
; and G. D. Booser, Univ. of California. The scale 
; Heat Transfer Characteristics of Porous Rocks. Conce 
1. Effective Thermal Conductivities of Porous fied Vessel, F. S. Ma s and R. H. Wil- 
| 
and Engineering Measurements of overall 
| Turbulent Diffusion in the Core of Fully mixing in a gas flow reactor stirred by en- 
| 
a continued on page 144 
CH 


IS THIS 
HAPPENING 
INSIDE 
YOUR 
PUMPS? 


When you pump corrosives, the inside of 
your pump can look like this. Or . . . 
You can pump corrosives without corro- 
sion with the Goulds-Pfaudler Fig. 3708 
glassed pump. Every surface that comes in 
contact with the pumpage is protected by 
tough borosilicate glass fused permanent- 
ly to the metal! 
This glass-to-metal bond resists most 
aapiiyne acids at temperatures up to 350°F and 
up to 700 GPM, heads up to 140 ff. alkalies at moderate temperatures. 


You also prevent loss of product due to 
contamination, since glass is inert. Glass 


and scale build-up. 

For all the details, write for Bulletin 
725.2 . . . plus a second booklet, “It’s 
What's Inside That Counts,” that gives 
Goulds-Pfaulder glassed pump. Write 
Goulds Pumps Inc., Dept. CEP-109, Sen- 
eca Falls, New Yor. 


GOULDS @ PUMPS 


For more information, turn to Data Service card, circle No. 12 
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San Francisco 
' from page 142 


sources,” organized by Charles M: 
University of Calorie It 
papers on estimation of raw-material 
reserves, geological distribution of the 
elements, and sea-floor mineral de- 
posits. 

For chemical engineers in the 
troleum industry, several sessions ai 
especially noteworthy. “Thermal Re- 
covery of Petroleum by In Situ Com- 
bustion” is to be by Fred H. 
Poettmann, Ohio Oil, who is also 
chairman of the symposium on Misci- 
ble Fluid Displacement. 

Two sessions on Catalytic Crack- 
have been organized 

ton W. Kraft, Lummus. 


Three-Day Schedule 
from page 142 


described by eddy-diffusion and 
reactor. 


TECHNICAL SESSION NO. 3-—THE TECH- 
NOLOGY OF THE PRODUCTION OF HEAVY 
WATER. 

Chairman: W. P. Bebbington, Du Pont. 
Design and Construction of the a Dual- 
Heavy Water Piant, E. A. Com- 
ley, R. Reed, and N. C. Updegraff, Girdler 
Div., Design and of 
the dual-temperature section of Dana 
Plant, including the laboratory and pales plant 
program to select the process. 


Long, Du Pont. The development program 
leading to the selection of materials of con- 
struction for the heavy water plants and 
pertinent test data. 

Contro! of the Dual-Temperature Exchange 
Process for the Manufacture of Heavy Water, 
J. W. Murris & W. C. Scotten, «- Pont. The 
principles and techniques used maintain 
the necessary precise control of } a. in the 
dual-temperature process. 

Production of Heavy Water by the w Tem- 
perature Distillation of Hydrogen, G. Bani- 
kiotes, E. Cimler, 
bon Research. One of the most economical 
processes for the production of heavy water, 
the fractional distillation of hydrogen at low 
temperature. 


Out of almost 100 ideas for new methods 
of manufacturing heavy water, four were 
found to be potentially attractive, providing 

critical assumptions are confirmed 


experimentally. 


TECHNICAL SESSION NO. 4—PROBLEMS IN 
JET AND ROCKET COMBUSTION. 
Chairman: C. J. Marsel, New York Univ. 


. re- 
search with steady, standing, plane and 
oblique detonation waves. Experiment and 
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sessions, each consisting of six pa- 
to be special interest. 
posium are pa- 
on Cat Cracking from 
iddle East Crudes; Cat Coins 
from Residues by the Gulf 
Process; The Effect of Feed Stock 
Qualities on Fluid Cat Cracking; Ef- 
fect of Catalyst Metal Poisoning on 
Fluid Cracking Yields. 

Two major industries currently 
making increased use of engineers’ 
talents are discussed in the sessions on 
Chemical Engineering Fundamentals 
in the Pulp and Industry, 
chaired by J. L. McCarthy, University 
of Washington, and Electrochemical 
Engineering, chaired by C. W. Tobias, 
University of California. 


The Nuclear 
of the Institute be + Racronr 
by symposia on Heavy Water Pro- 


theory are compared and applications (in- 
cluding chemical) are discussed. 

Combustion Probiems in High Energy Rockets, 
W. T. Olson, Lewis Research Center, Nat'l. 
Aeronautics & Space Adm. Chemical engi- 
neering problems related to the handling and 
combustion of high energy fuels. 

A Model of Liquid Rocket Engine Combustion, 
R. S. Levine, Rocketdyne Div., North Ameri- 
can Aviation. Analysis of the effect of heat 
and mass transfer on the combustion rate 


TECHNICAL SESSION NO. 5 — SELECTED 
PAPERS. 


Chairman: M. Manders, Union Oil of Calif. 
Liquid Viscosities Above the Normal Boiling 


duction, and one on Solvent Extrac- 
Heat Transfer Division will 


will also be a symposium 
on “Problems in Jet and Rocket Com- 


Presentation of the 1959 Profession- 
al Progress Award will be made. Wil- 
liam R. Marshall, Jr., Associate Dean 
at the University o: Wisconsin, winner 
of the Award, will talk on “The 


Potential of Engineering 
Thomas H. Chilton, Insti- 


tute Lecturer, will speak on “Nitric 


and b, and thus critical 
pressures, for organic compounds of many 
classes. 


Thermal Conductivity and Viscosity of Gas 
Mixtures, H. Cheung, L. A. Bromiley, and 
Cc. R. Wilke, Univ. of California. New corre- 
lations for thermal conductivity and viscosity 
of gas mixtures. Experimental conductivity 
data for a number of binary and ternary 
mixtures. 

Mass Transfer from a Solid, Soluble Sphere 
to a Flowing Liquid Stream, R. L. Steinberger 
and R. E. Treybal, New York Univ. New mass 
transfer data for single spheres. A new 

rrelation com: 


Layer, M. “Friedlander, "John 
system for 


laminar Results compared 


Mass Transfer in Three Component Gases, 
H. L. Toor and R. T. Sebulsky, Carnegie Inst. 
of Technology. Equations developed and 
mentally confirmed for predicting the rate 
ternary gas mixture in turbulent Sow. 


TUESDAY, DECEMBER 8 
9:00 to 11:00 A. M. 
TECHNICAL SESSION 


The Berkeley campus of the University chairman: F. H. Poettmann, Ohio Oil. 


California near San Francisco. 


g 
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NO. 6—FUNDAMEN- 
PTS OF MISCIBLE FLUID Dis- 


| 
bustion 
| 
| 
Acid by Ammonia Oxidation.’ 
| One ‘of the high points of the 
program will be the non-technical 
| == Creativity moderated by 
. i on Sunday afternoon. Four 
oe will present views on the 
place of the creative individual in an 
2 
industrial organization. 
Mixing and Contacting in Gas-Solid Fluidized Point for Methane, Ethane, Propane and 
; Beds, J. J. van Deemter, Shell Oil. Gas n-Butane, G. W. Swift, John Lohrenz, and 
: exchange between dense and dilute pheses Pred Kurata, Univ. of Kansas. New data on 
the liquid viscosities of methane, ethane, 
propane, and n-butane above their boiling 
points. Correlation for the prediction of 
viscosities of paraffins is included. 
The Critical Temperatures and Preswres of 
Binary Systems, R. B. Grieves and G. Thodos, 
Northwestern Univ. Based primarily on bi- / 
nary systems, a method is presented for the 
of droplets in a liquid bipropeliant rocket = 
engine. all hydrocarbon types and hydrogen. 
Critical Temperatures and Pressures of Or- 
| Comsounds, J. C. Forman and ©. = 
: Thodos, Northwestern Univ. A method for a 
calculation of van der Waals’ constants a 
Materials of Construction for the Dual-Tem- | N 
perature Exchange Process for Producing te 
six hundred data points taken from the 
literature. 
The Future for Cheap Heavy Water, Prank T. 
Barr & W. P. Drews. Esso Research & Eng. } 
Composite Solid-Propellant Combustion Mech- 
anisms, Raymond Friedman, Atlantic Re- 
search. Theories and experimental evidence 
A Study ‘of Detonation, R. A. Gross, Fair- PLACEMENT—1. 


The CP-5 reactor at Argonne has been a pioneer research 
reactor for obtaining high neutron flux by the heavy-water, 


enriched-uranium principle. Basic knowledge in physics, 
* chemistry, metallurgy, applied engineering and biological 


research has been advanced by experiments that depended 
w OWE R F p on this reactor. Now the CP-5 design is improved to yield 
still higher neutron intensity and new instrumentation ex- 


tending the ranges of measurement devised, making the 
reactor an even more important tool for Argonne scientists. 


STAFF POSITIONS AVAILABLE FOR QUALIFIED 
Physical Metallurgists, Chemical Engineers, Physicists, 


Mechanica! Engineers, Metallurgical Engineers, Chemists, 
Electrical Engineers, Mathematicians, Technical Writers 


NATIONAL LABORATORY 


Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 


Direct Inquiries To: | 
DR. LOUIS \. TURNER, DEPUTY DIRECTOR 
P.O. BOX 299-S2 - LEMONT, ILLINOIS | 


fi 


| 
C 
FOR NV q 
EXPERIM 
ENTS 
Via N | 
AY | 
| 


Model made in Group 1 
Class D Construction. 


Model with Heat Exchanger for 
final product cooling. Note wheels ‘or mobility. 


Multiple Heater Model for manual or 
automatic operation at partial loads. 


SIMPLE, SAFE, ECONOMICAL 
TRANSFER OIL HEATING SYSTEMS 


Whitlock Transfer Oil Heating Systems are available for prompt delivery 
in standardized “packages” which include expansion tank and heating 
units with operating controls to heat chemically stable transfer oils. Such 
oils now commercially available, are liquid over considerable tempera- 
ture ranges, and are being used increasingly in chemical processing 
operations. The Whitlock units illustrated are complete and require only 
oil and electrical connections for immediate operation. There’s a size 
and model ready-made for most installations. When required we can 
make special units to your order. 
Since these “packages” handle the oil at low pressures, averaging 15 psi 
and temperatures up to 600°F, they eliminate need for high pressure 
design techniques, thereby simplifying process design and reducing 
overall equipment cost. Carefully selected controls maintain the oil 
+2°F, and the design precludes 
rioration ts on indicate system is operating cor- 
rectly. Write for information pow 


THE WHITLOCK MANUFACTURING CO. 
97 South Street * West Hartford 10, Conn. 
In Canada: Darling Brothers, Lid., Montreal 


Whitlock 


DESIGNERS AND BUILDERS OF BENDS, COILS, CONDENSERS, COOLERS, HEAT 


EXCHANGERS, HEATERS, PIPING, PRESSURE VESSELS, RECEIVERS, REBOILERS. 
For more information, turn to Data Service card, circle No. 55 


A qualitative theory for the slug displace- 
ment of two-phase systems proposed and 
found to be im general agreement with ob- 
served flow behavior. 


Miscible Fluid Displacement — Prediction of 

A. L. Benham, W. M. 
J. Kunzman, Ohio Of! Research Cen- 

relatively simple method for calculat- 

ing the approximate conditions for e miscible 

displacement of reservoir fluid by rich light 

hydrocarbon gases or by LPG mixtures. 


Humble Oil. The results of a laboratory in- 
vestigation of the process by which a fluid 

is displaced by a fluid miscible with it from 


tions for holdup in both stagewise and con- 
tinuous contact equipment derived and con- 
for time varying hold 


plex fixed bed reactor systems by means of 
high speed digital computation. 


TECHNICAL SESSION NO. 8—CHEMICAL EN- 
GINEERING FUNDAMENTALS IN THE PULP 
AND PAPER INDUSTRY. 

Chairman: J. L. McCarthy, Univ. of Wash- 
ington. 

Heat and Mass Transfer Transients in Cylin- 
der Drying, A. H. Nissan and D. Hansen, 
Rensselaer Polytechnic Institute. Transient 
heat transfer and water removal on a cylin- 
der drier investigated experimentally and & 
theory developed describing conduction of heat 
in the terial. 


portance of structure of a porous 
surface drying rate. 


we — and Performance of a Retary Aerator, 
A. Zieminski, F. 3. Vermillion, Jr.. Bruce 
si. Veleer, Univ. of Maine. Results of aera- 
tests conducted with rotary aerators 
designed for possible application in seration 


Gas Absorption into Aqueous Solution with 
lonization, D. A. Ratkowsky and J. L. Mc- 
Carthy, Univ. of Washington. A method for 

towers for absorption of a cas 
imto aqueous solution where ionization occurs. 
Rates with and without ionization compared. 


continued on page 148 
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ide 
Phase Relationships for a Partially Depleted 
| e Reservoir, J. F. Wilson. Union Oil of Calif. 
Phase Relations of Miscible Displacement in 
| Oil Recovery, C. A. Hutchinson, Jr. and P. H. 
Braun, Atlantic Refining. This paper relates 
H . and compares phase relations and mass-trans- 
| e fer mechanisms of various basic miscible 
=. displacement processes, and discusses effects 
‘ e TECHNICAL SESSION NO. 7—PROCESS DY- 
| a Determination of Dynamic Characteristics of 
> Processes in the Presence of Random Dis- 
be turbances, C. J. Homan and J. W. Tierney. 
Remington Rand Univac. Statistical methods 
of determining dynamic characteristics of 
linear processes in the presence of random 
e disturbances applied to non-linear processes ‘ 
) e similaicd by digital computation. 
Frequency Response From Non-Sinusoidal 
Hi . Waveforms, L. Iscol. C. L. Edwards, & R. J. 
. Altpeter, Univ. of Wisconsin. A method for 
resolving a periodic non-sinusoidal waveform 
into its fundamental and harmonic frequen- ¢ 
cies by numerical Fourier series analysis. 
Mathematical Analysis of the Behavior of 
; Holdup in Transient Mass-Transfer Opera- 
: tiens, C. E. Huckaba, Univ. of Florida. Equa- 
New Computational Model for the Dynamic 
: Behavior of Fixed-Bed Reactors, H. A. Deans 
and L. Lapidus, Princeton Univ. A new model , 
| 
| 
it 
‘| 
Hot Surface Drying of Glass Fiber Materials, 
W. F. Cowan, Institute of Paper Chemistry. 
evidence to demonstrate the im- 
| | 
| 
CHE 


re AD 
FEET 


: Looking for LEAKPROOF 
= ? 
PUMP PERFORMANCE? 
460 | This composite curve for Chempump seal-less pumps shows the 
«aes wide range of models and sizes now available to handle your 
difficult pumping problems. Units are designed for tempera- 
0 tures ranging from the cryogenic regions up to 1,000 F, and 
DH for system pressures ranging from near vacuum to 5,000 psi. 
Most standard models carry Class I, Group D, U.L. approval. 
Get your personal copy of this composite curve today. 
Write to Chempump Division, Fostoria Corporation, Buck 
re) and County Lime Roads, Huntingdon Valley, Pa. 
q 
E 
160 CMW 
i CH CHW 
F°H 
89 
N ; 
F\ 
CW 
F re 
0 20 40 60 80 {00 1/40 180 220 260 300 380 460 540 620 700 
U.S. GALLONS PER MINUTE 
This composite curve is intended to show relative head-capacity 
performance of Chempump seal-less pumps. It is to be used as a COMPOSITE CURVE 
to specific model performance curves, available on request. 
units are single stage except those with “D” in model designation 
which are two-stage pumps. Curves are based on 60-cycle operation. CHEM PUM iP 
Sivision + FOSTORIA CORPORATION 
HUNTING OOM VALLEY, YL VAHTA 
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X-ray inspecti 

“* mass spectrometer 

» magnetic particle in 
penetrant dye checki 


Koven equipment in all metals 
and alloys includes: High pres- 
sure vessels built to A.S.M.E. 
Codes; extractors; mixers; stills; 
kettles; tanks; stacks; breech- 
ings; hot transfer lines; large 
diameter fabricated piping = 
late exhaust ducts; sho 
Id erected storage 
SPECIALISTS IN INTRICATE FABRICATION 
USING: STAINLESS STEEL - ALUMINUM 
* MONEL + NICKEL * INCONEL + ALL CLAD 
MATERIALS * NICKEL PLATED STEEL 
Fabrication te oll ASME. Codes 


Stainless Stee! High 
Pressure Reactor — 


Fully X-Reyed Seams 


80’ Diameter 
Clarifying Tonk — 
Field Erected 


Dover, New Jersey 


For more information, turn to Data Service card, circle No. 96 
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Technical program 
from page 146 


TECHNICAL SESSION NO. 8 — SELECTED 
PAPERS. 


Chairman: M. Manders, Union Oil of Calif. 


(=> Machine Computation Committee, 
w. Carison, DuPont. A progress report 
on the first year's operation of a new Insti- 
tute service which provides effective inter- 
change of general-purpose computer programs. 
Skewed Holding-Time Distributions, J. J. van 
Deemter, Koninklijke/Shell Laboratorium, Am- 
sterdam. Statistical properties of residence- 
time distributions used to characterize a wide 
variety of types of flow reactors. 
Characteristics of the Mean Flow 

and of the Structure in a Spiral Gas 

W. R. Schowalter and H. FP. Johnstone, Univ. 
of Illinois. Profiles of mean and turbulent 
flow structure in spiral flow fields. The flow 
structure is highly sensitive to system geom- 


Fiow Patterns and Mixing Rates in Agitated 
K. W. Norwood and A. B. Metzner, 
Univ. of Delaware. The prediction of mixing 
in agitated vessels attacked through 
measurement of the flow patterns which 


Technical Session No. 10—Fundamental Con- 
cepts of Miscible Fluid Displacement—t!. 
Chairman: F. H. Poettmann, Ohio Oil. 


in Miscible Liquid- 
L. Perrine, 


Calif. 
A theory “the displacement of 
one fluid by another with which it is mis- 
cible within a porous medium. 


Dev. The authors developed and checked ex- 
perimentally a mathematical expression for 
effective coefficient of longitudinal mixing. 
valid over the entire range of viscous flow. 
Experiments on Mixing by Fluid Flew in Por- 
W. E. Brigham, P. W. Reed, and 
J. N. Day, Continental Oil. Experiments on 
miscible displacement in various porous media. 
and the results of these experiments. 
A Comparison of Propane and CO, Solvent- 
L. W. Holm, Pure Oil. 
In reservoirs where pressures, oil viscosity 
and composition, and flooding patterns are 
favorable, either of these solvent-flooding 
processes would give oil recoveries consider- 
ably higher than conventional water flood or 
gas drive. 
Miscible Displacement Studies Using Radial 


of pentane slugs followed by a water drive, 
and also to determine effects of varying free 


gas saturations on oil recovery by pentane 
displacement. 

TECHNICAL SESSION NO. 11—PROCESS DY- 
NAMICS—1!. 

Chairman: E. F. Johnson, Princeton Univ 
Distributed-Parameter w.c 


exchange systems, 

of distributed-parameter systems and implica- 
tions for their automatic control are dis- 
cussed. 


tank reactors. 


R. L. Pigford, Univ. of Delaware. The un- 
steady-state behavior of continuous binary 
distillation, as occurring in several typical 


On the Processes 
Randomly inputs, A. Acrivos, Daly. 
of California. The response of stagewise 
systems to randomly fluctuating inputs for- 
mulated mathematically in a straightforward 
manner to yield exact solutions for linear 
cases. 

Process Dynamics, Automatic Control, and 
Analog-Computer Simulation of Shell-and-Tube 
Heat Exchangers, L. H. Fricke, H. J. Morris. 


continued on page 150 
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| i. must determine them. 
| - 2:00 to 5:00 P. M. 
Baa 
Effect of Pore Structure and Molecular Dif- 
fusion on the Mixing of Miscible Liquids 
| ‘ Fiewing in Porous Media, P. Raimondi, G. H. 
Cowan, Univ. of Oklahoma. Results of labora- 
tory studies, using radial cores, to determine 
FOR QUAL co TROL the displacement efficiencies of various sizes 
ohen and £ ‘Timceton 
| On the basis of sit ¢ of particular heat 
| 
| 
1 Recent experimental studies of gross mixing 
: patterns in flow and non-flow stirred tanks 
used to identify tho dynamical behavior of 
stirred 
: Dynamic Characteristics and Analog Simula- 
: tion of Distillation Columns, D. E. Lamb and 
See Sweet's Call or write 
Catalog File had fora commercial plate columns, studied using an 
ond consultation with a electronic analog computer 
| Chemical trained KOVEN repre- 
Engineering sentative ond send 
on Catalog for Bulletin #550 
| a’ New York: REctor 2-1160 
| FABRICATORS, INC. 
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Te? 


"mete. 


GI LER 
CATALYST 


.-- proves highly active and 


What it is. Girdler G-33 Catalyst 
contains approximately 36 weight per- 
cent nickel on a refractory oxide support. 
It is active for the hydrogenation of 
organic compounds such as aromatics, 
acetaldehyde and methyl-ethyl ketone 
in fixed bed operations...and as a metha- 
nation and deoxygenation catalyst. Can 
be used where catalyst bed is subjected 
to severe physical stress. 


It is normally supplied in oxidized 
form as 4%4”x 4" solid cylindrical tablets 
of 65 Ibs./cu. ft. bulk density. Minimum 
side crush strength is 40 lbs. dead weight 
load. Also available in reduced and 
stabilized form, designated as G-52. 


How it performs. G-33 has excellent 
activity over a wide range of tempera- 
tures and pressures. Like all nickel 
catalysts, activity is reduced by only a 
few parts per million sulphur present in 


physically rugged in 
hydrogenation of aromatics 
and other organic compounds 


feed gas stream. It will operate success- 
fully with sulphur compounds present. 
Under proper operating conditions, life 
of 1 to 2 years may be expected, 


Applications... | 


@ in large-scale hydrogenation of tow- 
molecular-weight aldehydes and ketones 
In liquid and vapor phase. 


@ In hydrogenation of aromatic streams to | 
produce pure cycliohexane...single and 

mixed phases in isothermal and adiabatic 

reactors. 


@in production of cyclohexane with a 
purity of 99.5% (volume) from benzene. 


@ in removal of aromatics from naphtha 
feed stocks. Hydrogenates about 19% aro- 
matics in feed stock containing 10 parts 
per million sulphur. 

Find out how G-33 and other Girdler 
Catalysts, plus our complete Technical 
Service, can help solve your processing 
problems. 


GIRDLER CATALYSTS 


LOUISVILLE 1, KENTUCKY SYNTHESIS GASES AND 
CHEMICAL PRODUCTS DIVISION + CHEMETRON CORPORATION "YOROGEN GENERATION 


DESULFURIZATION 
[GHEMETRON / now 


For more information, turn to Data Service card, circle No. 112 
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~ 


For more information, turn to Date Service card, circle No. 65 
Heating units you can adapt to 
your specific requirements 


Hevi-Duty Heating Units are a conven- 
ient source of clean, uniform heat for 
many industrial or chemical processes. 
They are widely used for keeping sodium 
and salts in liquid state as well as for 
countless other heating operations. 
Semi-cylindrical units are ideal for 
heating straight lengths of pipe or tubing. 
Flat units may be used with coils exposed 
or muffied and can be arranged to provide 
a flat heating surface or grouped to form 
a box. Both shapes are available in a 
wide range of sizes and a choice of two 
temperature ranges — to 1800° F. and to 
2200° F. Heating units may be contained 
in metal sheaths for emersion in liquids. 
Write for Bulletin 158. See how easily 
and economically Hevi-Duty Heating 
Units can solve your special heating 
problems. 55 


A DIVISION OF ic]|— BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel + Laboratory Furnaces + Dry Type Transformers + Constant Current Regulators 


¢C MIX BETTER 


Finer and more intimate dispersion of solids 
can be achieved using an Entoleter® 
centrifugal impact mill. 

¢ Low cost — low power requirements 

. Minimum (controlled) temperature rise 


RECENT APPLICATION 


For the final dispersion of detergent, bleach, 
perfume and highly abrasive silica flour 


1] For more information, tum to Data Service card, circle No. 32 


trol, H. S. Min and T. J. Williams, ee. 


variation of output error and control-system 
settling time with increasing analysis period 
and reduced sampling rate is shown. 


TECHNICAL SESSION NO. 12 — ELECTRO- 
CHEMICAL PROCESSES. 

Chairman: C. W. Tobias, Univ. of California. 
Introductory Remarks, C. W. Tobias. 


Trends in Mercury Cell Design, A. G. Basil- 
evsky, North American Solvay. Evolution in 
the design of mercury cells has improved 
Product quality and safety of operation, low- 
ered costs of operation and investment. Path 
to further improvement is outlined. 


The Development of an Electrolytic Process 
for the Production of todates, J. C. Schu- 
mache, American Potash & Chemical. The 
design, construction, and operation of an 
electrolytic cell for the commercial produc- 
tion of potassium iodate, as an 

of the chemical engineering philosophy in the 
design of industrial electrolytic cells. 
Modern Gasis of Alumi Cei; Desi and 
Operation, R. A. Lewis, Kaiser Aluminum & 
Chemical. Pactors affecting cell design and 
operation. Possible solutions to the problem 
of increasing cell size and efficiency. 
Fundamental Criteria of Fuel Cell Design, 
J. A. A. Ketelaar, Lab. of General and Inor- 
ganic Chemistry, Amsterdam. The 

chemical, and operational efficiency in rela- 


volume, fuel cost together with auxiliary 
considered 


tion of economy. 


needs of the industry for raw materials. 


Future Sources = Critical Raw 
D. EB. White, U. Geologica: 


grade sources. Long-term reveal best 
sources. 

Mineral Deposits on the Deep Sea Fieor, 
H Menard, Univ. of Scripps In- 


wi concentrations of 
heavy metals, occur on the sea floor in 
amounts up to 2-10 ds per sq 
Supplies of Raw Used by the 


TECHNICAL SESSION NO. 14 — SELECTED 
PAPERS. 


Chairman: M. Manders, Union Oil of Calif. 


Design of Experiments on the -— of the 
Water-Gas Shift Reaction, H. M. ae, 
American Cyanamid Co., and C. D. 

Vasan, Chemical Construction. The — 
of statistical analysis used in designing ex- 
periments to determine the kinetics of the 
water-gas shift reaction between 310 and 340° 
Cc. and over a range of compositions. 

Kinetics of the Hydrogenation of Ethylene 
fon a Nickel Catalyst), A. C. Pauls, E. W. 


14.7 to 70 psia and feed compositions from 
40 to 90 mole per cent hydrogen. 
Hydration of n-Bute with Cati Exchange 
Resin, W. J. M. Douglas and R. R. White, 
Univ. of Michigan. A detailed rate study of 
the hydration of butene in the liquid _— 
using a strongly acidic ion-exchange 

as the catalyst. 
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| from page 148 
to and T. J. Williams, Monsanto. 
/ ia An experimental and analog-computer study 
Hil of the process dynamics and automatic con- 
| i j trol of multipass shell and tube heat ex- e 
ia Chemical Process Controi in the Presence of 
a Both Transport Lag and Sampled Data Con- 
| j 
|| 
| 
| 
ENGINEERING OUTLOOK FOR NATURAL 
RESOURCES. 
i} | Chairman: C. Meyer, Univ. of California. 
ments, M. Fleischer, U. S. Geological Survey. 
Chemical properties of the elements re- ; 
> viewed in the light of present and future 
= 
d » grade sources al substitutes are still to be 
e | found. Other materia are trending to lower- 
Chemical industry, J. L. Gilison, DuPont. 
i] Most of the major “heavy” raw materials 
OO — are ample for a long time. A few others 
j meed new reserves if the demand increases. 
co 
| — Ai 
in a popular powdered household detergent, and M Purdue 
this 27” model with abrasion resistant mine-cupported at op 
gree ° rene Send for literature on Impact Milling, Particle Size po 
on YO" < Reduction and the new line of Vibrating Screens. sit 
wi 
Laminar-Fiow Reactor, R. S. Schechter and wi 
4.0 2 by E. H. Wissler, Univ. of Texas. The partial 
4 differential equation describing photolysis in ros 
DIVISION OF SAFETY INDUSTRIES, INC. . continued on page 152 qui 


You can make major economies in 
the refining of corrosive crudes, or 
in any refining that involves very 
high temperatures, by replacing still 
convection banks with a Ljungstrom 
Air Preheater. This is how. 

The radiant section of your still, 
operating with an Air Preheater, can 
deliver as much throughput (and 
possibly more) as was formerly pos- 
sible using convection banks. And 
with an Air Preheater the oil tubes 
get the maximum amcunt of heat 
without the expensive heat- and cor- 
rosion-resistant alloys sometimes re- 
quired for convection banks. 


In addition, an Air Preheater pro- 
vides other economies that you just 
don’t get with convection banks. For 
example, an Air Preheater can cut 
fuel costs by 20%. It will promote 
high equipment availability by dras- 
tically cutting formation of slag and 
deposits. And an Air Preheater can 
take full advantage of the most mod- 
ern fuel-burning equipment to give 
you much closer control of tempera- 
ture—close enough to boost average 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N. Y. 
For more information, turn te Data Service card, circle No. 1 


WITH A LJUNGSTROM® AIR PREHEATER 


product ratings as much as two oc- 
tane numbers. 

These extra savings can be almost 
pure profit, because you will prob- 
ably save enough by eliminating or 
reducing convection banks to pay 
the cost of an Air Preheater instal- 
lation. 


Here’s documented evidence. One com- 
pany’s fuel savings with a Ljungstrom 
Air Preheater are factually described 
in a published magazine article by O. F . 
Campbell. A reprint of this case his- 
tory is yours free. Simply write to Air 
Preheater Corp. 


REPLACE ‘STILL CONVECTION BANKS 
= 
7 


Technical program 
from page 150 


an isothermal laminar-flow reactor 


igan. Detonation volocities of H:-O, mixtures 
measured, and theo detonation char- 
acteristics computed for initial pressures from 
14.4 to 1,000 psia. 

Turbulent Flow of Gas Through a Circular 
Tube with Chemice! Reaction at the Wail, 
B. Wissler and R. Schechter, Univ. 
of Texas. The concentration we im @ 
turbulent gas stream circular 
tube with reaction ‘at the wall de- 
termined theo! 


WEDNESDAY, DECEMBER 9 


9:00 te 12:00 A. 


TECHNICAL SESSION NO. 15 -— QUALITY 
CRITERIA FOR CATALYTIC CRACKING 
STOCKS & METHODS OF PREPARATION. 


Chairman: W. H. Kraft, The Lummus Co. 


Middie East Crudes, R. J. H. Gilbert, and 
W. WN. WN. Knight, B. P. Trading Lid. The 
properties, methods of preparation and 


a high quality, sulfur- and vanadium-free gas 
oll by hydrodesulfurization. 

“Cat Cracker Feed Contamination-—A Case 
History”. E. C. Herthel, BE. H. Reynolds and 


operations as packaging, bagging, 
Material flow is smooth and uniform. 
requirements. Material moves by c 
motors, bearings and belts and assures low maintenance. 

SYNTRON Vibratory Feeders will help cut cost and accelerate production. 
Solve your bulk material feeding problems with SYNTRON Vibratory Feeders. 


Write for free catalog data 
SYNTRON COMPANY 


SYVTRON 


Designed for efficient, 
lump or flaky material. 


VIBRA-FLOW 


VIBRATORY FEEDERS 


high capacity, controlled feeding of most pulverized, granular, 


scale-controlled tubular 
feeders handling pharmaceuticals 


Cut bulk material 
handling costs 


116 Lexington Avenue 


Other SYNTRON Equipment of proven dependable Quality 


VIBRATORY 
PACKERS 


Rate of flow is i ble to meet 
ow nstently ediuste oper 


ding materials to process equipment. 
ational 
gears, 


Homer City, Penna. 


MECHANICAL 
SHAFT SEALS 


For more information, turn to Data Service card, circle No. 85 
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3. H. Roe, Richfield Oil. Improved vacuum- 
distillation-unit fractionation was Richfield’s 
solution of poor fluid catalytic cracking unit 
operation resulting from metals contamination 


of feed stock. 

Characterization of Catalytic Cracking Stocks, 
H. EB. Reif, R. F. Kress, and J. S. Smith, 
Sun Of) Equations, relating physical and 
chemical properties of charge stocks to the 
yields of cracked products, derived from data 
on a wide variety of stocks. 


poisons on cracking yields with clay and 
synthetic catalysts determined on a pilot-plant 
fluid unit. 
Processing of Feed Stocks for Catalytic Crack- 
ing, K. K. McMillin, Humble Oil & Refining. 
An integrated system employed to provide 
additional cracking feed and also to improve 
characteristics of both virgin and 
recycle feed streams. 
TECHNICAL SESSION NO. 16—OPERATIONS 
RESEARCH AND PROCESS ENGINEERING. 
Chairman: R. R. Hughes, Shell Stage 
The Opti Sotuti Operations 
search, J. C. Ornea P. Stillson. 
Development. technological, and 
investinent objectives discussed, using three 
separate formulations of the same typical 
problem from the petroleum industry. 


turing processes 
Operations Research in Chemical Piant Be- 
sien, P. H. Butte . Stanford 


Institute. The design of new process facili- 
ties car affect the scope of later operating 
decisions, and thus the profitability of the 
Plant. 


, but the big payoff will come from 
automatic optimization of design. 

Simulation and Optimization of Oil eo 
Design, E. Singer, Shell Development. 

new nonlinear optimization aie ap- 
plied to a simulation of a ten-variable oil 
refinery. designs ted satisfy prod- 
uct tions, material balances, and op- 
erability limits. 


TECHNICAL SESSION NO. 17—HEAT TRANS- 
Chairman: J. G. Knudsen, Oregon State 
College. 


Heat Transfer in Reacting Systems: 11. Heat 


inder Reynolds numbers. 


by Natural Convection, 
S. Sato (to be presented by S. W. Churchill, 
Univ. of Michigan) Tohoku Univ., 


Heat Transfer to 

tion, T. Teubouchs and 8S. Sato, Tohoku 

versity, Sendai, Japan (to be presented by 

S. W. Churchill, Univ. of Michigan). A cor- 

relation including effects of both forced and 

natural convection down to Reynolds num- 

bers of 10°. 

Local Sheli-side Heat Transfer Coefficients and 
Exchanger 


Knudsen, on State College. Loc 

side heat transfer coefficients and pressure 
losses measured in a model tubular heat ex- 
changer containing orifice baffles. 


Application of Goundery Layer Theory to 
Heat Transfer on Flow 


and enerey to predict effects of density and 
continued on page 154 
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| 
nm Catalytic Cracking Feedstocks Derived from 
Detonation Characteristics of Mydrogen-Oxy- 
ne. | gen Mixtures at High Initial pressures, &. L. The Effect of Catalyst Metal Poisoning on 
Gealer_and 5. W. Churchill. Univ. o ich- Cracking Yields, BE. C. Gossett, Sinclair 
Research Labs. The effect of catalyst metal 
s Catalytic Cracking Charge Stocks Prepared 
: from Residues by the Guif HDS Process, H 
: Beuther and R. A. Flinn, Guif Research & 
; Li} Development. Heavy fuel oil can be com- 
: pietely eliminated and residues converted to 
- Short-Range Production Planning of Continu- 
ous Operations, D. J. Wilde and A. Acrivos. 
| Univ. of California. A method for automati- 
Heated Cylinder, FP. P. Boynton, J. L. Rich- 
} P ardson and D. M. Mason, Stanford Univ. 
it "4 Rates of forced-convection heat transfer from 
:] an electrically heated cylinder to a reacting 
NO-NO, system measured at various cyl- 
Power and Heat Transfer Characteristics of 
i} the Anchor Agitator, V. W. Uhl and H. P. 
; Vosnick, Bethlehem Foundry and Machine. 
; Heat transfer and power studies with anchor 
: agitators in 50-gallon and 2-gallon test ket- 
. | ties using cylinder oil. Design recommenda- 
tions. 
_ Heat Transfer to Fine Wires and Particles 
| 
Japan. By using thermisters as heat-transfer 
elements, experimental data have been ex- 
be \ tended to small Grashof numbers. A new 
| correlation. 
| 
| 
a Field in a Vertical Tube with a Constant 
Temperature Wall, Edward M. Rosen and 
T. J. Hanratty, Univ. of Tlinols. Approxi- 
rts, 
“me 
FEEDERS 


This statement was made by Mr. C. F. Spencer, sales 
engineer for the Louisville Dryer Division of General 
American Transportation Corporation. He goes on to 
say, ““When dryer specifica._ons require the elimination 
of corrosion-susceptible metals, or when engineers must 
provide protection against certain abrasive materials 


CF&I-CLAYMONT PRODUCTS: Carbon Stee! Plates + Alloy Stee! Plates - CF&! Lectro-Ciad Nickel Plated 
Steel Plates « Clay-Loy High Strength Low Alloy Stee! Plates - Flanged and Dished Heads + Pressed Steel 
Shapes Manhole Fittings, Covers and Saddles - Fabricated Stee! Plate °roducts Large Diameter API Pipe 


Claymont Steel Products 


THE COLORADO FUEL AND IRON CORPORATION STEELE 
+ Amorilio - Billings - Boise Butte - Denver - & Paso Farmington (N. M.) Ft. Worth Houston 


in the West: THE COLORADO FUEL AND IRON 


CFsI-CLAYMONT 


STAINLESS-CLAD PLATES 
on the job 


in General American Louisville 
Rotary Dryers 


inside the drum, Claymont Stainless-Clad Plates are 
frequently specified.” 

In the manufacture of this CFaI-Claymont product, 
stainless steel claddings—in thicknesses from 5% to 
50% of total plate gage—are inseparably bonded to 
carbon steel backing plates. Claddings are provided to 
ASTM A-263, A-264 and the following AISI Specifica- 
tions: 304, 304L, 316, 316L, 316Cb, 321, 347, 405, 410 
and 430. We also invite inquiries on other stainless 
specifications to meet your requirements. 

Whatever the job, call Claymont when you're think- 
ing of stainless-clad steel plate. Complete information 
and prompt service are yours, at the CFal sales office 
nearest you. 


Keonsas City - Lincoln - Los Angeles - Ockland - Odesso - Okichome City - Phoenix - Portland - Pueblo - Salt Lake City - San Francisco - San Leandro - Seattle - Spokane - Tulsa - Wichito 


in the East: WICKWIRE SPENCER STEEL DIVISION—Atianta - Boston - Buffalo - Chicago - Detroit - New Orleans - New York - Philedeiphic 
F&I OFFICE IN CANADA: Montreal - CANADIAN REPRESENTATIVES AT: Coigory - Edmonton - Vancouver - Winnipeg 


7132 


For more information, turn to Data Service card, circle No. 3 
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| 
Corporation, was fabricated ymont Stainless -Clad Plates. consis 
Yc" thick cladding of type 304 stainless, bonded to a 1” plate of flange-quality carbon steel. | 
The Image of CFalI reflects customer satisfaction. For / 
instance, here’s what one steel plate user says about a | 
CFalI product made to meet his company’s require- 
ments: 
“By using Claymont Stainiess-Ciad Steel Plate, we 
get the same protection afforded by stainiess steel, 
plus the economies of carbon steel.” 


The LEHMANN 
PLANETARY MIXER 


improves output and reduces cost 


No engineering detail has been overlooked to 
make this modern Mix’ng and Kneading Ma- 
chine the most efficienc and economical in its 
field. For the intensive and uniform mixing of 
highly fluid, viscous and pasty materials it is 
unsurpassed. 


The planetary action is uniquely effective. Two 
mixing spindles equipped with helically ar- 
ranged vanes move along the tank wall while 
rotating at high speed around their own axis. 


The mixing mechanism is raised and lowered 
automatically. 


Swivel, tilting, run-out or stationary tanks are 
provided in capacities from 1 to 850 gallons. 
The use of several tanks permits almost contin- 
uous production. The machine is available in 
several types and power specifications. Stain- 
less steel or other metals are obtainable if re- 


quired, The unit can be cleaned quickly when 
frequent changes are desired in shade or type 
of product processed. Maintenance costs are 


unusually low. 


® 
world renowned 


processing machinery 


550 NEW YORK AVENUE, LYNDHURST, N. J. 


DRY and CLEAN AIR at 
the RIGHT TEMPERATURE 


@ to control your product quality 

@ te protect a critical operation 

@ to protect apparatus from moisture 
damage 


@ to DRY your material or product 

@ to contro! packing or storage conditions 
@ to assure precision in testing or research 
@ to increase air conditioning capacity 


Alr Cendition by the NIAGARA Method 
Using HYGROL Liquid Absorbent 


This compact method, giving high 
capacity in small space, removes moist- 
ure from air by contact with a liquid 
in a small spray chamber. The liquid 
spray contact temperature and the ab- 
sorbent concentration, factors that are 
easily and positively controlled, de- 
termine exactly the amount of moist- 
ure remaining in the air. 

Most effective because ...it removes 
moisture as a separate function from 
cooling or heating and so gives a pre- 
cise result, and always. Niagara ma- 
chines using liquid contact means of 


drying air have given over 20 years of 
service. The apparatus is simple, parts 
areaccessible,controls are trustworthy. 
Most reliable because...the absorbent 
is continuously reconcentrated auto- 
matically. No moisture-sensitive in- 
struments are required to control your 
conditions...no sciids, salts or solu- 
tions of solids are used and there are 
no corrosive or reactive substances. 
Most flexible because...you can obtain 
any condition at will and hold it as 
long as you wish in either continuous 
production, testing or storage. 


Write for Bulletins 112 and 131 and complete information 
on your air conditioning problem. 


NIAGARA BLOWER COMPANY 


Dept. EP-10, 405 Lexington Ave., New York 17, N.Y. 
Niagara District Engineers in Principal Cities of U.S. and Canada 
For more information, turn to Data Service card, circle No. 105 
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from page 152 


y variations. Results confirmed by ex- 


TECHNICAL SESSION NO. 18-— SELECTED 
PAPERS. 


Chairman: M. Manders, Union Oil of Calif. 


Thermodynamics of Soivent Ssilectivity in 
Extractive Distillation of Hydrocarbons, John 
M. Prausnitz, Univ. of California. Analysis 
of solvent selectivity shows that extractive 
distillation depends on both polar and non- 
polar contributions to cohesion energy 
density. 

Two-Phase Cocurrent Flow in Packed Seds, 
R. P. Larkins, D. W. Jeffrey, Humble Oil & 
Refining, and R. R. White, Univ. of Michi- 
gan. Pressure drop and liquid hold-up cor- 
related for cocurrent, gas-liquid flow through 
packed beds. A wide range of packing and 
fluid properties studied. 

A New Apparatus for Liquid-Phase Thermal 
Diffusion, E. Von Halle and S. H. Jury, 
Univ. of Tennessee. A thermal diffusion col- 
umn which eliminates forgotten-effect and 
parasitic-remixing inefficiencies. Experimental 
Tesults and a phenomenological theory. 


Solid-Liquid Phase Behavior of Binary Solu- 
tiens at Elevated Pressures, J. Winnick and 
J. EB. Powers, Univ. of Oklahoma. The forma- 
tion of a solid phase in a binary solution 
with increasing pressure amalyzed from «4 
thermodynamic viewpoint. Experimental data 
on the n-heptane-benzene system. 

The Compaction of Granular Solids, B. E. 
Kurtz, Allied Chemical, and A. J. Barduhn, 
Syracuse Univ. A mechanism for the com- 
pact.on of fine granular solids between rolls 
to produce dense, mechanically strong par- 
ticles postulated and design equations de- 
rived 

Piate Efficiencies in Multicomponent Distilia- 
tien, H. L. Toor and J. K. Burchard, Car- 
negie Institute of Technology. A method for 
predicting plate efficiencies in ternary sys- 
tems, and the effects of diffusional inter- 
actions in a distillation column. 


TECHNICAL SESSION NO. — QUALITY 
CRITERIA FOR CATALYTIC CRACKING 
STOCKS & METHODS OF PREPARATION. 


Cnairman: W. W. Kraft, The Lummus Co. 


Propane Deasphaiting for the Production of 

Catalytic Cracking Feed, J. G. Ditman. Foster 
Wheeler Corp. Economic studies based on pilot 
deasphalting im a rotating disc contactor show 


yields and qualities for Arabian gas oil 
cracking related to fresh feed and recycle 
boiling range. 

Use of Furfural ae wage te Improve Catalytic 
Cracking Feed Stocks, R. R. Dickinson and 
Cc. B. Lengsworth, Texaco. Texaco’s commer- 


Preparation of Feedstocks for Catalytic Crack- 
ing, R. J. Hood, The British American Oil 
Co. Lid. Operating data. gas oil yields and 
properties as produced by processing units 
of The British American Oil Company Ltd. 
Units reviewed are: Propane Deasphalting, 
Delayed Coking, and Vacuum Reduction. 


Solvent Extraction of Virgin Feedstocks, P. T. 
Atteridg and R. P. Cox. The M. W. Kellogs. 
Phenol extraction of virgin catalytic crack- 
ing charge 5 is economically justified 
today because it permits + — of less 
residuum and more cracking f 


TECHNICAL SESSION NO. 20—SOLVENT EX- 
TRACTION. 


Chairman: G. H. Beyer, Univ. of Missouri. 


Spectral Evidence for Compiex Formation in 
the Tributy! Phosphate-Water-Nitric Acid 

T. J. Collopy and J. F. Blum, National 
Lead. Spectral data which indicate that tri- 
butyl phosphate and nitric acid react to 
form a stable equimolar complex. 


Tributy! 

Bostian and Morton Smutz, Iowa State Col- 
lege. Three tributyl phosphates prepared 
evaluated. Complexing in the organic phase 
found to obey stoichiometric laws. 
Purification of Promethium by Liquid Ex- 
traction, B. Weaver and F. A. Kappelmann, 
on page 156 
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at Sika Chemical— 
REACTORS CONTROLLED WITHIN 0.1 pH 
by Foxboro DYNALOG’* Recorder-Controllers 


At Sika Chemical Corp., Passaic, N. J., replaced in three years. No lubrication 


control of pH in reactors is of vital con- ...no cleaning...no dry cells to stand- 
cern in manufacturing “Plastimet," Sika’s ardize or replace. “In fact,” says process 
widely-used concrete densifying additive. engineer Gordon Morrison, “we're so con- 


Sika finds Foxboro Dynalog Recorder- , 
smooth variable air capacitor (which attended.” through g 
replaces troublesome step-by-step slide. 
wires ) responds instantly to the smallest Dynalog Electronic Recorders—Control- 
lers—Indicators deliver accurate, sensi- 


change in pH value. A Rotax on-off con- 
trol unit then initiates addition of enough ‘tive, measurement not only of pH, but of 


caustic soda to return reactor pH to set dozens of other variables as well. Get full 
point. details by writing for Bulletin 20-10. The 

Sika reports maintenance on their Foxboro Company, 9310 Neponset Ave.. 
Dynalogs has been almost nil. One tube Foxboro, Mass. 


FOXBORO 


REG. U.S. PAT. OFF. 


DYNALOG ELECTRONIC INSTRUMENTS 


TYPICAL pH CONTROL 
SYSTEM 


| 
| 
OYNALOG RECEIVER 
4 
j= 
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reduce maintenance, 
assure freedom from contamination. 


These new heavy duty mass and paste mixers have many features 
which sharply reduce maintenance needs. They have double rows of 
lifetime lubricated bearings. These bearings give long, trouble-free 
performance without maintenance or lubrication of any kind under 
the most severe operating conditions. They are extremely low- 
friction bearings and can be used at elevated temperatures. 

All gears are protected from dust and dirt by guards which remain 
in place whether the bowl is in the horizontal or the dumping 
position. Doors in the guards simplify lubrication of the gears. 


Improved seals, easily accessible for maintenance, assure freedom 


from contamination. 


Made in a range of sizes from 3 to 300 gallons capacity, the mixer 


illustrated has a mixing 
These i 


volume of 150 gallons. 
mixers are available in various materials of con- 


struction. Jackets for heating and cooling can be installed around 
the mixer bowl, if desired. Various styles of mixer blades can be 
furnished to ensure the most effective mixing and blending of a 


wide variety of materials. 


Write today fer additional information. 


GRINDING & MIXING EQUIPMENT 


271 CENTER AVE. LITTLE FALLS, NEW JERSEY 


MASS AND PASTE MIXERS 
RIBBON MIXERS 


PEBBLE MILLS 
STEEL BALL MILLS 


JAR MILLS ROTA-CONE BLENDERS 
JAR ROLLING MILLS ROTA-CONE VACUUM DRYERS 


For more information, turn to Data Service card, circle No. 92 
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Technical program 
from page 154 


Oak Ridge Nat'l. Lab. 
tion of promethium from fission-product rare 
earths by liquid-liquid extraction using pure 
tributyl phosphate. 


The Effect of Piate-Wetting Characteristics on 
Pulse-Column Extraction Efficiency, R. H. Se. 
botik and D. M. Himmelblau, Univ. of Texas. 
Liquid extraction of acetic acid from the 
methyl-isobutyl-ketone, water system studied 
as a function of plate-wetting characteristics 
and other 


Burkhart, and R. W. Fahien, Labora- 
tory, Iowa State College. The of «a 
pulse extraction column, assuming it to be 
@ stagewise process, and illustrated 
with experimental data. 


TECHNICAL SESSION NO. 21-——-THE AUTO- 
MATIC COMPUTER AS A TEACHING TOOL. 
Chairman: W. FP. Stevens, Northwestern Univ. 


Digital Availability and 

Suitability Use as Teaching Tools in 
Engineering, Stevens, Northwestern 
Univ. The importance of introducing contact 
with digital computers into the 
undergraduate program. Typical machines de- 
scribed and evaluated. 


The importance 
of optimization indicated and various mathe- 
matical tools useful in optimization discussed. 
The applicetion of digital computers to such 
calculations. 


Available Analog Computers and Their Use 
as Teaching Aids in Engineering, T. J. Wil- 
Mams and Verlin A. Lauher, Monsanto Chem. 
Co. A comprehensive listing of analog com- 
puters suitable for use as teaching aids. 
Along with a recommended component listing 
for a typical classroom machine. 


Unsteady-State Behavior of Chemical 
esses, D. E. Lamb, Univ. of Delaware. a an 
cussion of the reasons for emphasizing un- 
steady-state behavior in chemical engineering 
education, plus a description of an 
process-dynamics course utilizing the analog 
computer. 


TECHNICAL SESSION NO. 22— SELECTED 
PAPERS. 
Chairman: M. Manders, Union Oil of Calif. 


Kap- 
fer, New York Univ. Carbon oxidation studies 
im three different diameter reactors corre- 
lated using a pseudo-bubbile-velocity time 
concept proposed for design scale-up calcula- 
tions. 


Fluidized Bed Coating — A New Chemical 
Process, J. Gaynor, General Electric. A new 
chemical process, fluidized bed coating. The 
role of fluidization phenomena and variables 
in coating. 


Holdup and Pressure Drop with Gas-Liquid 
Plow in a Vertion! A. Mashmask 
and B. S. Pressburg, Louisiana State Univ. 


A new correlation for air-liquid flow in 4 


Simultaneous Flow of Liquid and Gas Through 

a Vertical Pipe, MM. R. Tek and J. V. Jun, 

Univ. of Michigan. A new method for predic- 

tion of pressure drops occurring in 

two-phase systems. Correlation charts 
tical calculatt 


ng 
and W. H. Gauvin, McGill Univ. The rate 
of evaporation of acetone from single — 
accelerating freely in a downward cocurrent 
turbulent air stream studied over a range 
of air velocities. 


A Scintillation Method for Determining Lia- 
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THE MODERN TREND IN OIL REFINERIES 


HUDSON Solo-aire units pictured above operate in a large Texas Gulf Coast Refinery, 
in which Solo-aires are used for a complete range of refinery services, transferring 
300 million BTU’s per hour directly to air. 

Over-all economic comparisons of HUDSON Solo-aire cooling versus water cool- 
ing for new refining units almost invariably result in selection of Solo-aire units for 
much or all process cooling. 

In two complete 40,000 barrel sea-side refineries now being constructed abroad 
by one of the world’s largest refiners, HUDSON Solo-aire units will be used for ALL 
process cooling services. NO WATER WILL BE USED FOR PROCESS COOLING. 

In the United States in a 40,000 barrel refinery being built adjacent to an 
unlimited water supply, 50% of the total dissipated heat will be transferred directly 
to air through HUDSON Solo-aire units. 

Operating results of HUDSON Solo-aire units installed in oil, gas and chemical 
plants throughout the free world have led to continuing repeat installations. 

For new process installations and for replacement of high maintenance water- 
cooled equipment, Solo-aires offer in most cases clear-cut advantages. Let HUDSON 
assist you in objective analyses of air versus water cooling. 


bln voice HUDSON 


“COOLING WITH AIR IN REFINERIES 
AND CHEMICAL PLANTS” ENGINEERING CORPORATION 
FAIRVIEW STATION + HOUSTON, TEXAS 
9935 Santa Monica Blvd. 122 East 42nd St. 17 Stratton St., Picadilly Corrientes 1115 Rua Mexico 45 


Beverly Hills, California *° New York 17,N.Y. * London W.1, England * Buenos Aires, Argen. * Rio de Janeiro, Brazil 
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EW HUDSON TUF-LITE FANS 


After six years of development work and tests of trial field installations operating under wide ranges 
of conditions in cooling towers, finned tube coolers, and in highly corrosive chemical plant ventilat- 
ing service, Hudson presents a new product—the TUF-LITE fan. The blades, cast in one seamless 
piece of fiber glass reinforced synthetic resin, are hollow, light and tough. TUF-LITE fans afford 
the following advantages over any other available type of fan: 


SAFE: TUF-LITE blades being lightweight (about 
% the weight of other blades with comparable ca- 
pacity) and infrangible, eliminate the hazards to 
personnel and equipment existent through accidental 
throwing or disintegration of heavy metal, wood, or 
laminated blades while in service. 


EFFICIENT: More air is moved at less horsepower 
because weight and finishing operations do not im- 
pose limitations on selections of best aerodynamic 
design; therefore nearly ideal airfoil cross sections, 
commercially attainable only in TUF-LITE blades, 
can be used. Blades will not sag or distort, and 
surfaces remain permanently smooth. 


LOW MAINTENANCE: TUF-LITE blades are un- 
affected by corrosive, abrasive or impingement effects 


of hot saturated air, sand, rain, or hail, and have 
superior deterioration resistance to practically all 
corrosive vapors or liquids. Blade materials contain 
color pigment; no painting is necessary. Light weight 
reduces stress and maintenance on bearings, gears, 
drive shafts, and supports. 


QUIET: The permanently smooth surfaces, very light 
weight, sustained perfect balance, and advanced 
aerodynamic design minimize noise. 


EASE IN INSTALLATION: Light weight of blades and 
ingenious design of hub and blade coupling allows 
attachment of blades by one man using only small 
wrench. Coupling design assures uniformity of pitch 
of all blades, and as blades of same size are identical 
and interchangeable, perfect fan balance is preassured. 


In replacement of present fans or in installations on new cooling equipment of any manufacture TAKE 
ADVANTAGE OF THE OUTSTANDING SUPERIORITY OF HUDSON TUF-LITE FANS. 


Bulletin on TUF-LITE FANS 
Available upon Request 


ENGINEERING CORPORATION oa 


TUF-LITE protected by U.S. copyrights, 
pater:ts and patents pending 


FAIRVIEW STATION * HOUSTON, TEXAS 
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Q. What is meant by “ferroxyl quality” in 
evaluation of a stainless casting? 

A. This means a superior surface quality 
' free from pinholes, porosity, scale particles, 
iron film, greare, or other undesirable con- 
ditions, as is guaranteed by passing the 
ferroxyl test. 

Q. Will stainless steel of the 18-8 type cor- 
rode in a moist atmosphere? 

A. Not ordinarily, but it will in contact 
with graphite. 


Q. Can the use of stainless materials having 
different hardnesses be effective in prevent- 
ing galling? 

A. Yes, providing the hardness differential 
amounts to 50 Brinell or more. Corrosion 
resistance of the hardened material is gen- 
erally lowered, however, and trouble may 
ensue in severe service. Use of V2B alloy 
as the hardened medium will prevent galling 
and provide sufficient corrosion resistance. 
Q. Is 18-8s MO (816) betier than 18-8s (304) 
for use in hoi strong nitric acid? 

A. No, in this particular case 304 is better 
than 316. 

Q. Why is it that steel is resistant to 70% 
sulfuric acid, while stainless 304 is not? 

A. Because sulfuric acid forms an iron 
sulfate film. on carbon steel which is in- 
soluble in sulfuric acid of over 65% con- 
centration, thus protecting the steel from 
further corrosion. This particular film does 
not form on stainless, which depends upon 
passivity for corrosion resistance. In 70% 
sulfuric acid passivity is lost and the stain- 
less corrodes. 


Q. Is 316 alloy better than 304 for handling 
hot caustic solutions? 

A. No, 316 has no better resistance than 
304 and FA-20. That is why Monel is 
recommended. In extremely severe cases 
use pure nickel. 

Q. What can I use where 316 is necessary 
for corrosion resistance, but fails through 
lack of resistance to accompanying abrasion 
or erosion? 

A. Cooper PH-55A alloy resists all corro- 
sive media that can be handled by 316 
(except very hot and strong nitric acid), 
and in addition is resistant to both abrasion 
and erosion. 


J 


How the Cooper Alloy Valve became 
a Giant—among Shrimps! 


Cooper Alloy Valve Handles 


Hot Brine at Shrimp Canning 


Plant for Twelve Years Without Maintenance 


It’s not often that we get a chance to 
put a title as catchy as this on our 
valve success stories, but this story 
really rates it! 


It all happened at the Robinson 
Canning Company in New Orleans, 
one of the world’s largest canners of 
shrimp. They can as much as 100,000 
lbs. of shrimp a day—three cans a 
second! And here’s the problem: to the 
shrimp in each of these cans hot brine 
solution (180°F.) is added as a preserv- 
ative—to the shrimps, that is, because 
brine is mightily corrosive to most 
valve materials. 

The master control valve for this 
gravity-feed brine-filling operation 
used to be a brass gate valve, but it 
couldn’t stand the corrosion gaff. So, 
12 years ago the Robinson people re- 


placed it with a Cooper Alloy 1-in. 
Monel gate valve. (Vital statistics: 
OS&Y, 150-lb. service, bolted bonnet, 
screwed ends.) 


And during the ensuing 12-year 
period, this Cooper Alloy valve has 
handled 2500 gallons of hot brine per 
day—without maintenance of any 
kind! Only very recently did it become 
necessary to replace a few non-Monel 
parts, such as handwheel, packing 
flange, and eyebolts. 


As we said at the start of the story, 
that’s a performance record that’s a 
giant in any man’s process! For more 
information on Cooper Alloy valves 
and their performance capabilities, 
write to Cooper Alloy Corporation, 
Hillside, N. J. 
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THE VALVE AND FITTINGS ANSWER CORNER .} 
|. 
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Despite wind and rain, leading engineers gather on the rostrum 
to start the long awaited moment, the first step toward a 
permanent United Engineering Center. 


Sunday panelists discuss where chemi- 
cal engineering is heading. (L. to r.) 
Sid Kirkpatrick, Don Keyes, Jose Calva, 
Bob White, and Bill Licht. 


Some highlights from 

St. Paul—One of the 
most successful meetings 
for A.I.Ch.E. to date. 


- Young chemical engineers engage in lively 


(Left) Tuesday Luncheon attracted large 
turnout to hear Dr. C. W. Mayo of the 
famed Mayo Clinic. (Above) Members of 
meeting committees gather with Mayo. 
(L. to r.) Russ Frederickson, Bill Podas, - 
James Erwin, Mayo. 
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October 1 was the date! The 
event — Groundbreaking for 
the new United Engineering 
Center in New York. 


E. president Katz greets former President Hoover 
after the formal ceremonies. 


Former President Hoover shares the honors with young 
Jerry Fujirnoto, Hawaiian freshman engineering student 
at Rensselaer. 


President Hoover leaves rostrum 
with the UN building in the 
background. 
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When and: how to quit a job 


When you change jobs, be sure to 
do everything in your power to leave 
your old employer witt#-tears in his 
eyes, said Thomas Birch, Hergen- 
rather Associates, West Gdast execu- 
tive search firm, to the Southern Cali- 
fornia Section’s (R. D. Sheeline) Au- 
gust meeting. The job of changing 
jobs is a serious one and may mean 
the difference between success and 
failure in your career. 

The first consideration is “when”. 
Timing is a vital factor. When you 
decide to change your job, it should 
be for one of only eight logical rea- 
sons: 

1. You are unhappy, frustrated, and 
not making satisfactory progress. (Be 
sure this is not the reason for every 
job change!) 

2. You are not in the right job, in 
the right field, or with the right com- 


pany. 
3. You are blocked from successful 


advancement. (Be sure there is an 
effective road of advancement for 
you.) 

4. Health or climatic conditions. 

5. Wife problems. If factors about 
your job makes your wife poe, 
you will not be effective in your job. 

6. Your company is failing and 
you've done your best to prevent it. 
(Don’t stay on to the end once you 
are convinced failure will occur.) 

7. If you need more money. (But 
be sure you're worth more.) 

8. When you are merged or ac- 
quired out of a job. (But don’t run 
at the first rumor.) 

The “How” of Gnene job is as 
important as making the “when” 
decision. You must know what road 
you want to travel. Don't let destiny 
and fate plan vour career. Always do 
your me in any job you hold. 

If a job comes your way investigate 


the company, the personalities of its 


people, and talk to people who know 
the company. 
While you are looking, advertise 


discreetly in rofession’s publi- 
cations, the Wall Street Journal and 
by telling everyone you can trust. 
Prepare a good resumé, but keep it 
brief. Indicate your job objective, as 
this helps prospective employers in 
Properly placing you. 

o win in making a job change, set 
goals for yourself with respect to 
salary and professional progress. Age 
and salary ranges for the top ten 
percent of executives are listed below 
as guides: 


Age Sal 
27 80 $9 - 12.000 
31-35 12 - 18,000 
36-40 18 - 25,000 
41-45 20 - 30,000 
46-50 23 - 35,000 
50 and over 28 - 50,000 
Follow these goals and don't change 


them except for very sound reasons. 
Make your mark in one field before 
you hop to another. Learn as much 
as you can about other jobs in your 

continued on page 164 


Patent Applied for 


Metering and con- 
trolling mass flow 
rate of gases is easy 
and simple with the 
NIL primary element. 


, WEED ow 
MASS 
FLOWMETER 


FOR GASES 


SPECIAL 


~ 


HEAT 


\ / 
EXCHANGERS? 
| 
~ 


We welcome inquiries about un- 
usual, custom-built heat transfer 


* Element is an orifice whase area is controlled by pressure and 
temperature. 

* Convert your present system to mass flow metering or control- 
ling by substituting the NIL element for the orifice or venturi. 

* Easy Insta‘lation in line with no offset. the element is as easy 
to install as a valve. 

* Rugged and trouble free, the element has no rotating parts. 

* Automatic, the density compensation is made by a stainless steel 
bellows and requires no electrical or other auxiliary power. 

* Complete metering or controlling system or primary element 
alone is available. 


828 Evarts St., N.E. . Washington, D. C. 


apparatus...work from your re- 
quirements. through design to a 
ready-to-use unit. SK offers an ex- 
perienced staff of chemical, me- 
chanical and industrial engineers, 
full production facilities including 
fabrication, and complete equip- 
ment for steam, pneumatic, thermal 
shock, hydrostatic, magnaflux, and 
radiographic inspection. Tell us 
about your problem. 


For more information, turn to Data Service card, circle No. 36 
162 October 1959 


Schule and COMPANY 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
Phone: MErcury 9-0900 
JET APPARATUS © ROTAMETERS + GEAR PUMPS + VALVES + HEAT EXCHANGERS 


For more information, turn to Data Service card, circle No. 19 
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AMERICAN HEAT RECLAIMING CORPORATION 
1270 Sixth Avenue, New York, N. Y. 


For more information, turn te Date Service cord, circle No. 28 
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GONDENSERS ON TOP 
thetop section ofa column or for — 
Economy is obvious inthe elim. 
arate outlets are providedforthe con. 
from 15 sq. ft. to 1600 sq. ft. and for 
Pressures up to 150 p.s.ig. | 
Spirals are fabricated in any mate. 
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company so that when the time comes them as quickly as possible. 
for promotion you are ready. Most 
companies er to promote from be cautious in usi i 
within. Remember that at the hi knowledge gai under the former 
executive levels, one must be able to employer, John Revis told the South- 
sell, control costs, and get along with ne ee 
doubt about who owns this 
choose a company generally in- ge, a qualified attorney should 
terested in management development be consulted prior to applying it in 
with a positive program in this field. the second position. Revis is 
Take advantage of these programs. head of the Legal Department, Rulph 


EFCO Engineering Efficiency Gives 
JEFFERSON Most Economical Selection 


Jefferson Chemical Company, Inc., is one among many process 
equipment users who profit from the economy provided by EFCO 
engineering efficiency. Years of experience in engineering and fabri- 
cating heat exchangers for the wide temperature/pressure ranges 
characteristic of ethylene and other manufacturing processes enable 
EFCO to offer service-proved engineering design and guaranteed 
job-ratings. Recognized specialists in handling all grades of carbon, 
alloy and stainless steels, and nickel, aluminum, and special low- 
temperature materials, EFCO provides technical service before, dur- 
ing and after installation. 


EFCO’S FOUR POINT PROGRAM PROVIDES: 


ice-proved engineering design 
guaranteed job-ratings 
complete fabricating facilities 
technical service before, during and after installation 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WELL 
Write for General Catalog 
ENGINEERS AND FABRICATORS, INC. 


P. O. BOX 7395 HOUSTON 8&8, TEXAS 
For more information, turn te Data Service card, circle No. 7 


M. Parsons, and present chief counsel 
for Paul Hardeman Co. 

This course, as a matter of self-pro- 
tection, becomes necessary in view of 
recent court decisions restricting the 
use of ceriain of knowledge. 
Courts have ruled that any special 
knowledge, tools, methods of manvu- 
facture, etc., developed by a com- 
pany’s employees, are the property of 
the company. Therefore, 
dual ee employs these ‘trade s socrets 
or custome: to the competitive 
advantage cf the second company may 
be liable. In addition, the second com- 

pany may also be liable if it know- 
ingly uses such information. 

Solids conveying in the process in- 
dustries was a subject well covered at 
the annual meeting and panel sym- 
posium of the Western Massachussets 
Section (A. W. Andrews, Jr.) - 

Mechanical Systems for Raw Ma- 
terial and In-process Conveying was 
discussed by John Fischer, ma- 
terials handling engineer at Sprout 
Waldron, Muncy, Penna. Another 
panel, Pneumatic Systems for Raw 
Material and In-Process g. 
was led by John Russell, the Dracco 
Division, Fuller Corp., Long Island 
City, N.Y. Warren Geigel, staff engi- 
neer, Plastics Division at the Mon- 
santo Springfield plant, chaired the 
third panel. His session covered the 
topic, Systems for Handling and 
Shipping Finished Goods. 


Also meeting 
Should engineers be organized was 
debated pro and con at the September 
— of the Western New York 
Section (Reed E. Garver). Ray Fre- 
med, McGraw Hill Publishing, Ear! 
Shilt, Zaremba Co., and Ri Woll, 
Westinghouse 
Westinghouse E 
panelists. Joseph Shister, Valery 
of Buffalo, moderated . . 
Charleston Section (GC. O. a 
toured Kaiser Aluminum Plant at 
Ravenswood in September . . . The 
Section is planning to continue its co- 
pe with the Charleston Section 
in the scholarship fund . 


ow promising areas of 
were touched upon at the 
New York Section meeting (C. La- 
bine) in September. Hugh Hurlburt, 
director of physical research, Ameri- 
can Cyanamid, Stanford, Conn. was 
the speaker . . . a general description 
of Butyl Polymerization production, 
mera was given to the Pi 

Section (GC. J. Haddad) October meet- 
ing. Reaction conditions and a broad 
description of the properties of the 
polymer and the manner in which 
these properties have been used. to 
advantage were included. 


For more information, circle No. 77> 
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pups for the, procers industri 


Close-coupied motor-mounted CENTRI-CHEM Pump. 


Standard, Stock Centrifugal Pumps 
Handle Wide Range of Corrosive Media 


Eco CENTRI-CHEM* Pumps feature 
Type 20 stainless steel throughout— 
casings, shafts and impellers—meet- 
ing a wide range of corrosion services. 


Answer Standardization Needs 
These pumps were designed to meet 
the standardization programs of 
major chemical com- 
panies, but they offer equal advan- 
tages and economies to medium 
sized and small plant rators, 
requiring small centrif with 
capacities up to 40 g.p.m. 
Manufactured on a precision, mass- 
production basis (instead of being 
‘custom-built” as are most other 
chemical-resistant pumps of this 
type), costs and prices are kept low. 

very part is interchangeable. ps 
and repair are stocked for im- 
mediate delivery, by air if required 


for emergency needs, guaranteeing 
very miminum down-time. 


Seal is Big Feature 


In every centrifugal pump, the shaft 
seal is usually its est point. 
The exclusive design mechanical 
seal used in the CENTRI-CHEM Pump 
has proven leak-proof under the 
most severe conditions. It also has 
handled sticky fluids for many 
months where other seals have 
— up and failed in minutes. 

components to meet various 
exposures, include TEFLONT and 
ceramic, carbon and ceramic, and 
carbon and Type 20 stainless or 
Stellite.* All seal components are 
interchangeable. 


Write for your copy of Bulletin 
CT-859 which describes these re- 
markable pumps in detail. 


ENGINEERING 


Pumping Notes 
New Electrolytically Pure 
Nickel GEARCHEM Pumps 


No other pump line is available in so 
many special metals and non-metallics, 
each with its own realm of application. 
The Nickel GearcHem™ Pump is de- 
signed to prevent iron contamination of 
bromine and other caustics. Casings and 
shafts are pure nickel. Drivi gears 
are nickel or Hastelloy* with ‘idlers of 
chemically impervious TEFLON. 

This metal to non-metallic combina- 
tion permits pumping of water-thin, 
non-lubricati fluids without seizing, 
at speeds to 1750 r.p.m. 


New Phenolic Plastic Gears 
Resist Chemicals—Wear Longer 
Advancement in phenolic resin plastics 
technology has made great strides in 
recent years. Results range all the way 
from ultra-high temperature resisting 
materials suitable for rocket nose cones, 
to new materials which are not attacked 
by such widely used acids as Sulphuric, 

ydrochloric and Hydrofluoric, in all 
concentrations and combinations. These 
resins are unaffected dimensionally or 
chemically with exposure to these acids 
and numerous other corrosive and prob- 
lem media. 
Gears generated from this 
plastic are now recommended for long 
sustained, heavy duty service in Eco 
GEARCHEM Pumps for such chemicals, 
as they have proven mechanically stro 
and show minimum wear. They may 
used in pairs or as idler gears in com- 
bination with metallic gears. 
Hastelloy B Pumps 
for Het HCI Service 
Eco GEARCHEM Pumps in Hastelloy B 
are expressly produced for HCl service 
in advan temperature ranges (up to 
160°F). Both the 3 g.p.m. and 10 spn. 
sizes of GEARCHEM Pumps are available 
in this alloy. 
larly supplied with TEFLON or 
carbon my and TEFLON, phenolic 


or Hastelloy ears, and with grease- 
sealed extended stuffing box. 


ECO Products for Handling Corrosive and 
Hazardous Processing Fluids 


PUMPMOBILE" Portable Pumping Units 
CHEMICAL DISPENSING VALVES 


Ask for literature on any or all of these ECO Products 


*ECO Trademarks. du Pont Trademark. ‘*Union Carbide Trademark. 
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re 
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“Be 
& 
eg 7 GEARCHEM' Gear Pumps Factory Mutual Approved 
CENTRI-CHEM' Centrifugal Pumps GEAR-VAC" Vaives 
Pedestal-mounted CENTRI-CHEM Pump. 
ECO ENGINEERING COMPANY 12 York WARK 
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industrial news 


The process 
design 
engineer 


In recent years the process design 
engineer has become identified as 
an individual performing a specific 
type of engineering work. 

) @ The opportunities and responsi- 
i: bilities of the field, 

/ @ Scope and proper placement of 
i process design engineers in an 


industrial organization. 


E. E. Lupwic, Dow Chemical Co., 
Freeport, Texas 


In general, the process design en- 
gineer is concerned with developing 
the process flow cycle, and the eco- 
nomic sizing, selection, and ifica- 
tion of the individual items of equip- 
ment required for a process industry. 


The extent of his participation in 
closely related engineering areas de- 
pends on the company organization. 
rocess work be 


vy others. Sum- 


It is important that 
summarized for use 


The Process Design Engi- 
2. neer works closely with 
draftsman in flow sheet prep- 
aration. 


Problem design and speci- 

fication sheet preparation is 
an important phase of the pre- 
liminary operations. 
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First step in the process design approach cons'sts of 
hours of problem analysis. 


maries usually take the form of spe- 
cification sheets and flow sheets in 
order that the information developed 
may be incorporated into the engi- 


neering of the plant. An int 

mechanical interpretation, that is, the 

incorporation of mechanical details in 

the equipment which will insure the 

functioning of the process in accord- 
continued on page 168 


4 Electronic computers per- 


form mony tasks in applied 
process design. 
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Giant Buflovak evaporator produces 
50% and 73% caustic for Jefferson Chemical 


At Port Neches, Texas, this 188-ton evaporator for elec- 
trolytic cell liquor goes on stream. It’s a triple effect 
operation—concentrating to 50%, recovering the salt, cool- 
ing the caustic to remove the salt, and then concentrating 
as much as half the caustic to 73%. 


More caustic is concentrated in Buflovak 
evaporators than any other kind 

Bufiovak installations all over the world total 3,000 tons 
of caustic production per day on a 100% NaOH basis. 
Units are custom designed and built in single, double, and 


BLAW KNOX 


triple effects, and range in capacity from 10 to 880 tons per 
day. Buflovak’s complete line of evaporators provides cost 
cutting answers to a wide range of processes. 

Bring your own processing problems to Buflovak 

A completely equipped Customer Service Lab is at your 
service to pre-test your product or process. Skilled engi- 
neers will study your operation and make recommenda- 
tions based on test results, or on your own specifications. 
Write for Catalog 372 on Evaporators, or Catalog 381 on 
the Customer Service Laboratory. 


BLAW-ENOX COMPANY 
pa Equipment Division 
567 Fillmore Avenue, Buffalo 11, New York 


For mere information, turn te Data Service card, circle No. 107 
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Process design engineer 
from page 166 


process ign engineer must often 
ride a -mechanical 
“fence.” For example, a separator 
without the necessary baffles may not 
function as an efficient unit. The 
process design engineer must be able 
to visualize the performance of each 
unit and design, and to specify in 


accordance wi understand 
ing and available performance data 


for such equipment. Thus, a process 

design engineer is a unique mixture 

that includes many facets of engi- 

neering. 

Educational background 

ete are sometimes insufficient to 
a strong and practical process 

o- engineer. In addition to the 

the 


@ Advanced calculus statistics; 

namics; 

© Met and machine design; 
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They must be able to bring the 
points of their work to the Sadi 
others to understand and to act upon. 

It is important for the process de- 
sign engineer to keep up technically 
with the various phases of process 
engineering, including processes and 
steady program voluntary 
and ‘ing of technical journals, 
new books, etc. 

An interest in using the newest 
methods, techniques, and tools in ac- 
complishing the task at hand should 
be second nature. Such tools may 
include: 

@ Nomographs for problem short- 

ts: 


cuts; 
@ Standardized methods for rou- 
tine or “standard” ; 
@ Electronic computers to aid in 
better analysis of problem varia- 
bles. 


The Process Design Engineer 

* works with other engineering 
specialists in the use of models 
in plant layout and design. 


It takes time to gain experience. 
However, a good engineer should 
recognize that experience must be 
planned. The lesson to learn is to be 
observant, eager, and interested in 


Broadly, we can say that the work 
of the process design engineer is 
applied to chemical engineering unit 
operations for economical new plant 


lopment. 
To understand a problem or proc- 
ess, it is most convenient to plan with 
a description of the flow cycle. This 


is usually represented by a flow sheet _ 


continued on page 170 
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ti 4 
ance with the flow cycle. Thus, the es 
strengthen the potential process de- 
sign engineer are: 5 The Process Design Engineer 
* must keep up-to-date by reading 
j technical books and journals. = 
gineering; . expects to must be practical hk 
. Report writing, and must able to express him. 
business practices, and self well. This is particularly true of i ‘ a a 
law. design engineers, where the details 
In general, the process design en- and results of their efforts are to be ae ee ; 
gineer must be well founded in the found in calculations and similar work. a | . > a 
ii 
i of 
new things, problems, a associa- hi 
St 
| 
; P: 
lal 7 
ni 
tik 
Figure A. By using a flow sheet the process engineer establishes 
the sequence of equipment and flow. PC 
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ST. PAUL AMMONIA PRODUCTS, INC. PLANT 
OPERATING ABOVE DESIGN CAPACITY 


Ammonia Plant— Designed, Engineered and Constructed 
by Lummus—Feeds Natural Gas or Butane 


The St. Paul Ammonia Products, Inc. 
plant at Pine Bend, Minnesota has 
been operating continuously at rates 
above the design capacity of 200 tons 
per day of ammonia. Lummus’ policy 
of close cooperation with the client at 
every stage was followed at St. Paul 
Ammonia. Lummus’ extensive experi- 
ence in plant design and construction 
have been effectively combined with 
the experience in plant operation of 
St. Paul Ammonia’s capable staff in 
order to achieve a successful project. 

In addition to producing anhydrous 
ammonia and ammonium nitrate solu- 
tions for the fertilizer industry, St. 
Paul also produces anhydrous ammo- 
nia meeting industrial specifications. 

The Texaco Synthesis Gas Genera- 
tion Process is employed to produce 


HOUSTON 


+ WASHINGTON, ©. - 


hydrogen for ammonia synthesis. 
Natural gas direct from the pipeline 
is normally used as the raw material. 
However, during the cold Minnesota 
winters the supply of natural gas is 
subject to interruption when prefer- 
ence is given to household users. The 
plant is designed so that at these 
times butane is used as the raw ma- 
terial. 

The large compressors are gas-en- 
gine driven and use natural gas fuel 
except during the winter months, 
when propane from storage tanks is 
employed. The Lummus design fits the 
plant to the needs of the area and per- 
mits this sort of flexible operation. 

This plant utilizes a hot potassium 
carbonate system for removal of CO:, 
which helps reduce production costs. 


LONDON 


PARIS 


Lummus acted as general contrac- 
tors for the entire project which in- 
cludes ammonia synthesis, nitric acid, 
and ammonium nitrate solutions 
units, and offsite facilities including 
utilities, tankage and product ship- 
ping. 

Lummus has experience in design 
and operation of ammonia plants uti- 
lizing natural gas, heavy fuel oil, bu- 
tane, and waste chlorine cell hydrogen. 
Capacities of Lummus built ammonia 
plants range from 60 to 300 tons per 
day. 

In the past 50 years, Lummus has 
built over 800 plants to produce petro- 
chemicals, chemicals and petroleum 
products. If your company is planning 
facilities of this kind, discuss your 
plans with Lummus. 


ENGINEERS AND CONSTRUCTORS FOR INDUSTRY THROUGHOUT THE WORLD 
385 MADISON AVENUE. NEW YORK 17, N. Y. 


+ THE HAGUE . MARACAIBO 
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Process design engineer - 
from page 168 


or diagram, Figure A. Here, the se- 
quence of the equipment and its flow 
relationshi in the process is estab- 
lished pinpointed by the 

With the flow cycle 
as erence base, the necessary 


material and heat balances can be 
made. Then, with these as base points, 
the individual designs of the equip- 
ment needed for the process cyele can 
. Next, summaries of the cal- 
culations and specifications for the” 
particular item are set forth by the 
process specification sheet. Step by 
step, process area by process area, the 


Design becomes reality as main pieces 


+ Of process equipment are assembied. 


various distillation columns, absorber 
columns, condensers, reboilers, cool- 
ers, pumps, compressors, and other 
equipment are calculated and speci- 
fied for performance and engineering 
details, including materials of con- 
struction. 


Economics 
Practically every process cycle in- 
volves items requiring economic con- 
sideration. This includes economic 
comparison of various processes to 
make the same product, various 
schemes to obtain the necessary proc- 
ess refrigeration, schemes of heat con- 
servation, reciprocating versus centrif- 
ugal compression, drivers for large 
re ee compressors, etc. All of this 
requires attention to the capital cost 
of the equipment, auxiliaries, and 
associated utility equipment, as well 
as to the cost of operating tabor, raw 
materials and utilities. This is one of 
the most interesting as well as im- 
portant phases of Se process engi- 
neer’s work. 
Company organization 
Engineering companies, and engi- 
_ continued oh page 172 


FIGHT COSTLY CORROSION 


KETTLES AND TANKS: 
Our Industrial Division, with over 50 years experience, 


designs and produces top quality kettles, tanks and 
vessels of NON-CORROSIVE METALS for chemical 


food and drug processing. 


In addition to special designs, Hubbert makes an at- 
tractively priced line of standard tanks and steam- 
jacketed kettles. We invite your inquiry for price lists. 


METALS INCLUDE: 
Stainless Stee! 


Nickel 
Monel 


vacuum or pressure op- 
eration; fixed or porte- 
ble styles. 


Need Gauge Glass or Cylinders in o hurry? 
Then write, wire or phone Swift for immedi- 
ate delivery. 

We have a complete stock of Pyrex Tubular 
Gauge Glass and Cylinders on hand for 
chemical, pharmaceutical or industrial ap- 
plications. Supplied in any length or finish 
from 2 mm. O.D. to 7” O.D. 


SWIFT 


Craftsmen in Non-Corrosive Metals Since 1903 —~ 
Baltimore 24, Md., U.S.A. Cable Address: ‘*Hubbert" 


LUBRICATOR COMPANY. INC 


HUBBERT, 


8 Glass St., Elmira, N.Y. 


For more informetion, turn to Data Service card, circle No. 50 
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Now! “plug-in”? Hydrogen 


Assuring your supply of high-purity hydrogen 
can be as easy as getting electricity, gas, water 
and other utilities. ‘Plug-in’? hydrogen sup- 
ply . . . a practical, modern concept . . . is the 
newest result of Air Products’ skill and 
experience in putting cryogenics to work for 


Air Products produces hydrogen from a vari- 
ety of feed gases, including natural gas, 
refinery off-gases, cell gas, coke oven gas and 
many so-called waste gases . . . purifies and 
delivers it by advanced techniques. Complete, 
integrated responsibility assures you economy 
and dependability, with ample provision for 
expanded needs. 


we 


Air Products’ broad process experience in- 
cludes separating, purifying and liquefying 
gas mixtures of many types to yield tonnage 
quantities of oxygen, nitrogen, ammonia and 
methanol syn-gas, carbon monoxide, meth- 
ane, ethylene and valuable chemical inter- 
mediates. An Air Products concept —the 
pioneering of on-site generation—is giving 
many chemical manufacturers a dependable, 
low-cost supply of these materials. 


Air Products is ready to discuss your require- 
ments... . and to give you facts and recom- 
mendations that make sound business sense. 
Write, call or wire Air Products, Inc., 
Allentown, Pa. Phone EXpress 5-3311. 


oti 


- INCORPORATED 


For more information, turn to Data Service card, circle No. 81 
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FOR THERMAL RESISTANCE, 
CHEMICAL INERTNESS IN. TUBING 


Sand-curfaced, glazed or 
satin-surfaced and trans- 
parent . . . in all normal 
lengths «nd diameters. 
Homogeneous, transpar- 
ent, free from chemical 
impurities. Useful to 


FOR GUARDING THE REAL PURITY OF 
‘YOUR COMPOUNDS IN CRUCIBLES, RE- 
TORTS, MUFFLES, DISHES, TANKS, 
POTS, TRAYS 


lytic, non-porous, immune 
to extreme electrical, 
thermal and chemical 
conditions. Many sizes 
and types in stock. 
Prompt delivery for spe- 
cial sizes. 


FOR OUT aa ELECTRICAL PR 
ERTIES, IMPERMEABILITY 
iN MERSION HEATERS, 
BALL & SOCKET JOINTS, STANDARD 
TAPER JOINTS “GRADED SEALS 


Corrosion resistant, im- 
pervious to all organic 
and inorganic chemicals 
at high temperature re- 
gordiless of concentration 
(except strong caustics 
and hydrofluoric acids.) 
Immediate delivery on 
stock sizes. Custom items 
to order. 


Write for our information 
bulletins. See our ad in 
Chemical Engineering 
Catalog. 


Zone__Stete__ 


For more information, circle no. 17 
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from page 170 
neering ts in process com- 
panies, usually delegate contact re- 


sponsibility to one individual desig- 
nated as the project e og For 


the intent and 

tion a team is loped 
individual—a team of proc- 
ess design, mechanical, civil, struc- 
tural, electrical, instrument, and utility 
engineers. In order for this team to 
function effectively, each must 

nze the inter-relationship of the other 


phases of engineerin im- 
portance of 

munication, For um cae: 
ness, this team is often assigned to a 
— workroom until the planning 


of the project is completed. 
In this team atmosphere. "ak 


8 A towering column is hoisted into 
* place as the plant takes shape. 


ess design engineer contributes his 
part. 


He determines process job require- 
ments, and secures a sufficient number 


of design engineers to work 
bien in preparing guesses week. 
Under the direction of the team, 


the ma- 
terial and heat balances for the 

ess, and carries through the calcula- 
tions for distillation , heat ex- 


pumps, compressors, piping, 


a forwards specification sheets for 
the equipment to the pro 
and project by 


FORESIGHT: 
Developing the 
solution before the 
problem comes up 


Tt takes a long time to translate the 

for a new aircraft into an actual piece 
of flightworthy hardware. It can take forever 
— if its special operating requirements can’t 
be met by known materials and components. 
Few jets would be in the air today if certain 
industrials — like Purolator — hadn't recog- 
nized that difficult operating conditions had 
to be anticipated long in advance. 

A modern rircraft has a maze of circula- 
tory systems: fuel, air, lubrication, pneu- 
matic, and hydraulic lines . ... instrument 
systems, etc. — with filters playing an im- 

portant role in each. In 
high performance jets 
extremes of temperature, 


need to handle chemi- 
cally-active fluids . . . preclude the use of the 
kinds of filters which had proved adequate 
for older aircraft. To fill the gap, our engi- 
neers some years ago developed Purolator’s 
famous porous metal filter medium. This 
type of filter has since been brought to a 
high degree of efficiency. 

Purolator makes these media by a unique 
method of fusing metal 
powders of controlled par- 
ticle size to obtain the de- 
sired porosity. The metals 
used are matched to speci- 
fic service requirements — 
and include all grades of stainless steel, 
nickel, monel, Inconel, Hastelloy, bronze, 
gold, silver, etc. 

We can fabricate these media into almost 
any shape you care to name. We can control 
pore size to within 10% even when down as 
small as 0.2 microns. We can sinter the ele- 
ments to fittings of the same or other mate- 
rials. We can vary wall 
thickness from .015 inches 
up. We can apply thin 
layers of porous metal to 
other types of media. We 
can squeeze 500 square 
inches of filter area into an element 3% 
inches in diameter and 10 inches long. 

Many of these filters can withstand pres- 
sures up to 6000 psi . . . temperatures from 
~420° to 1200°F... severe corrosive environ- 
ments. In addition to aircraft, they're being 
widely used in chemical, nuclear, petroleum 
and other industries — for filtration, con- 
tamination control, separation of liquids, 
and diffusion applications. 

“Filter Media Selection Chart”—givi 
corrosion and temperature factors for ta 
known media—is a valuable reference to 
have on hand. Write us—it’s yours free. 


Jules P. Kovacs, V.P. 
Filtration For Every Known Fluid 
PUROLATOR 


PRODUCTS, INC. 
Rahway, New Jersey and Terente, Onterie, Conede 


For more information, circle no. 86 
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THERMAL AMERICAN tie pre 
FUSED QUARTZ CO.. INC./ <heet by an engineering draftsman. 
~ZETS 18-20 Salem Street, Dover : 
i New Jersey 


A.L.Ch.E. 


41st National Meeting 
St. Paul, Minnesota September 27-30, 1959 


PREPRINTS—SO cents apiece 
See progrem for abstracts and authors 


SYMPOSIUM: Physical Properties of Liquids 
Preprint 22—A Corresponding States Correlation for Higher Molecular 
Weight Substances A. Bondi and D. J. Simkin, Shell Development Com- 
pany, Emeryville, California 


Preprint 23—Liquid, Gos, and Dense Fivid Viscosity of Propane XK. E. 
Starling, 8. E. Eakin, and &. T. Ellington, Institute of Gas Technology, 
Chicago, Iinois 

Preprint 24—The Viscosity of Liquid Mixtures &. A. McAllister, Lomar 
State College of Technology, Beaumont, Texas 


Preprint 25—Reduced Thermal Conductivity Correlation for Ethylene: Its 
General Application to Gaseous Aliphatic Hydrocarbons and Their De- 
rivatives E. J. Owens and G. Thodos, Northwestern University, Evanston, 
Minois 


Preprint 26—An Experimentally Verified Theoretical Study of the Falling 
Cylinder Viscometer J. Lohrenz, G. W. Swift and F. Kurata, University 
of Kansas, Lawrence, Kansas 


SYMPOSIUM: Mixing 

Preprint 28—Suspension of Slurries by Mechanical Mixers J. Weisman, 
Nuclear Development Corporation of America, White Plains, New York 
ond t. £. Efferding, Westinghouse Electric Corporation, Pittsburgh, 
Pennsylvania 

Preprint 29—Mass Transfer Coefficients for Solids Suspended in Agitated 
liquids J. J. Berker and ®. E. Treybal, New York University, New York, 
New York 


SYMPOSIUM: Management of New Product 
Development 


Preprint 31—Wheot Manegement Does About New Product Development 
l. A. Hatch, Minnesota Mining & Manufacturing Company, St. Paul, 
Minnesota 

Preprint 32—-Who Develops New Products? W. £. Kuhn, Texaco, Inc., 
New York, New York 


Preprint 33—When is the Development of A New Product Complete? _ 


F. A. Soderberg, F. C. Huyck & Sons, Albany, New York 


Preprint 34—Developing New Products by Acquisition 1. 8. Hitchcock, 
Levren 8B. Hitchcock Associctes, New York, New York 


MPOSIUM: Mixing Equipment 
Preprint 40—Effectiveness of Mixing Tonks in Smoothing Cyclic Fiuctuvo- 
tions E. 8B. Gutoff, lonics, Inc., Cambridge, Massachusetts 

Preprint 41—Small Bench Scale Stirred Reactors for Gas-Liquid Contact- 
ing D. Hyman and J. M. Van den Bogoerde, American Cyonamid 
Company, Stamford, Connecticut 


City Lone State 
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liquid phase 
heat transfer systems 


a —Your product temperature require- 
ments are high 
—You want to avoid high pressure 
equipment 
—You need close temperature control and 
safe, automatic operation at 
reasonable cost... 
. ++» You should consider a space saving, all electric, Merril! Proc- 
ess System. Heating mediums can be Oil, Aroclor @ or Dowtherme. 
A twist of the wrist puts these systems into operation—and they 
wil held Guid temperatures to within 22°F. within the range of 


Heat exchangers can be factory mounted and piped when a 
cooling cycle is required. 

Dual systems are available having two completely independent 
circuits with separate contro! systems | roviding heating and/or 
cooling in sequence, simultaneously, or in any combination in the 
sarne unit. 

Low watt density finned heating elements protect the heating 
medium and are readily accessible for routine maintenance. Relief 
valves, limit switches and positive displacement pumps assure safe, 
dependable operation. An expansion tank, vented to atmosphere, 
precludes contact of air with the circulating medium and prevents 
pressure build-up. 

All of the Electric Merrill Process Systems have push button 
operation from a single control center. 

Capacity of available systems ranges from 25,000 Btu/hr. to 
$00,000 Bru /hr. or up to limits of available power. Heating elements 
wired for 230-3-60 only in Pilot Plant series to 100,000 Btu/hr., 
11 


Write for Bulletin 597 giving details of the Pilot Plant Series 
or send us your requirements. 


Parks-Cramer Company 


FITCHBURG 6, MASS. 


Fer mere information, turn te Dete Service card, circle Neo. 80 
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ELGIN Junior 120* 
DEIONIZER 


*Delivers up to 120 GPH of 
high quality deionized water 


Now a deionizer that fills a long felt 
need —a unit for — whose needs 
are not great enough to ‘ustify a large 
deionizer, but too great to be handled 
by small, portable laboratory appara- 
tus. It gives you high quality water 
uced by the 
tra Deionizer — 
water = freer re mineral im- 
puritie. taan distilled water . . . at con- 
tinvou. flow rates to 120 ‘gallons 
per hour, and at remarkably low cost! 


Ulustration tells story. This compact 
unit — only 45” high — comes to you 
complete and ready to go. Hooks right 
into your water supply line. Delivers 
demineralized water under line pres- 
sure any place you want it. Handsome 
stainless steel cylinder contains four 


of effluent falls below 50,000 ohms 
(the measure of commercially distilled 
water) built-in ohm meter actuates 
pilot lone and you replace spent 
material with fresh bags which are 
supplied right with the unit. Then you 
return the exhausted bags to “gin in 
convenient shipping container which 
we furnish. We then promptly regen- 
you ays ea on 
band ... a planned and organized 
Thane les 

— no acid or alkali 
to handle — no backwashing — no 
drain needed — ro trained operator 
required. Our well organized resin ex- 
change service does the whole job for 
you. Cost of equipment and service is 
low. Final result: continuous supply 
at way below distilled water costs. 


Write for facts 


ELGIN SOFTENER CORPORATION 
182 N. Grove Ave., Elgin, Mlinols 
Representatives in principal cities 
In Canada: G. F. Sterne & Sons Ltd., Brantford 
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9 The completed plant embodies 

+ the coordinated efforts of the 
Process Design Engineer and his 
associates. 


Process design engineer 
from page 172 


fications may be directed to the pur- 
chasing department for iry). 

He contributes and 
related parts of the job-line chide 
sheets which tie the flow sheet to 
piping requirements. 

He contributes information for de- 
cisions by other engineering opera- 
tions. 

These are the. key operations and 
responsibilities of the process design 
engineer. At each step, there is a 
variety of operations, depending upon 
the size and type of project being 
considered. However, it is typical for 
the process design engineer to follow 
and be a part of the project to its 
engineering completion, and often on 
into the construction, start-up, and 
trouble-shooting stages. 


Materials, Plant layout 

Drawing up of proper specifications 

uires y broad knowledge of old 
am new materials of construction such 
as metals, plastic coatings, rubber 
coatings linings, acid-proof and 
alkali-proof cements, ceramics, etc. 

Plant layout as an over-all area, 
and as individual units in the area, 
must be lanned, Planning 
requires of essentially 
all fields of enqueue as well as 
production operations and ialized 
parts of the construction erection 
operations. In order to start planning 


for any project, it is necessary to. 


what is for the process 
operation. This includes the process 
cycle and the size and specifications 
of the equipment. Here, the process 
on engineer must do his planning, 

ing, and calculating before my 
eal planning of the over-all 
ess-related parts of the job can be 
started. 


Engineering staff, to 
tell you about the Big 
things happening in 


OVER A CENTURY 


SERVING THE CHEMICAL 
AND ALLIED INDUSTRIES FOR 


For more information, circle Ne. 140 
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in management 
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Sage named 1959 
winner of 
Walker Award 


Bruce H. Sage, a member of the 
chemical engineering faculty at the 
California Institute of Technology, or- 
dinance expert and author, has been 
named recipient of the 1959 William 
H. Walker Award of A.LCh.E. The 
Award, given annually to a member 
of A.LCh.E., is awarded for an 
ontstanding contribution to chemical 
engineering literature. It will be 

esented during the 52nd Annual 

eeting of the Institute at San Fran- 
cisco December 6-9. Its purpose is 
to encourage excellence in contribu- 
tions to chemical engineering litera- 
ture. The Award has made each 
year since 1936 to some of the na- 
tion’s outstanding chemical engineers. 

Sage has been on the research and 
teaching staff of Caltech since 1935. 
He was named professor of chemical 


made head of the Explosives Depart- 
ment, Naval Ordinance Test Station, 
Inyokern, California and in 1949 he 
became associate director of engineer- 
ing, then senior consultant of the 
Test Station. He is co-author of some 
200 scientific publications and five 


In 1948 he received the Medal of 
Merit for ordinance development 
work during World War IL. In 1949 
he received the Precision Scientific 
Company Award in Petroleum Chem- 
istry from ACS. The AIME presented 
him with the Anthony F. Lucas Gold 
Medal in 1954. He also received the 
1956 Hickman Award of the American 
Rocket Society and the U.S. Naval 
Test Station's L.T.E. Thompson 
Award in 1957. 

Sage received a master of science 
in chemical engineering and a doc- 
torate in mechanical engineering from 
Caltech in 1931 and 1934, respective- 
ly. In 1953 he received an honorary 
degree of doctor uf engineering from 
New Mexico A. & M. 


Hiram Leroy Smith, Jr. has been ap- 
pointed chief engineer, 
< 


Chemical Division, at 


Bowen Corp. Smith re- 
tm France, where he was 
Stone and Webster on a chemi- 


engineering in 1944. In 1945 he was 


books on chemical engineering. 


cently returned from 

roject engineer for 

ground- 

wood pulp mill at Pas de Calais. 
continued on page 176 


BIG NAMES 


Choose H&T for 
Water Trec/ing Equipment . . . 
@ American Cyanamid 


Complete plonts for 
demineralization, de- 
alkolizing,  cherifica- 
tion, silica removal, 
water softening, iron and manganese removal. Send 
a for catalog or ask to have field representative call. 


HUNGERFORD & TERRY, INC. 


CLAYTON 10, NEW JERSEY 


a Over 50 years’ experience 

For more information, turn to Data Service card, circle No. 109 
‘CHEMICAL ENGINEERING’ PROGRESS, [(Yo!: 55, No. 10) 


Tht 


i 


Schutte and COMPANY 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA 
Phone: MErcury 9-0900 
JET APPARATUS + ROTAMETERS + GEAR PUMPS + VALVES + BEAT EXCHANGERS 


For more information, turn te Dota Service card, circle No. 98 
October 1959 175 


+ 
aa 
& 
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| 
GIVE UP 
pont 
4 fr eee @ U.S. Gypsum Pump con restore thet old 
Jacques Wolf equanimity—keep the brass 
© Olin Mathieson happy and you smiling. 
© Set Engineers and production 
as 4a men in mony varied industries 
4 are using SK Steam Jocketed 
@ Rohm & Hees Herringbone Gear Pumps to 
| 
| help. 
. 


TURBINE 
CHEMICAL 
AT 

4 

i 


THE PERFORMANCE CURVE 
TELLS THE STORY! 


ROTH Turbine Chemical Pumps are 
of single or two stage horizontal design, 
end-mounted for easy access. They are 
noted for their dependability and con- 
tinuous high pressure service in 
movement of clear liquids up to 100 cp 
viscosity under differential pressures up 
to 550 PSI .. . The single-stage turbine 
chemical pumps develop pressures com- 
parable to those of multi-stage centrifu- 
gals and have established records for 
service under the most adverse condi- 
tions of corrosion and temperature sur- 
. Two-stage end-mounted chemical 
ps are also available for a range 
pom 300 PSI to 550 PSI differential 
have extra 
ny oil-lubricated ball bearings and 
shaft—are fitted with ASA rated 
connections. Available with 
John Crane Seals, Dura-Seals, or pack- 
ing. (Stuffing box easily demountable.) 


ance curves on ail 
sizes. 


ROY E. ROTH COMPANY 
TURBINE PUMP DIVISION 
2440 Fourth Avenue 
Rock Island, Illinois 
Fer mere information, circle Ne, 69 
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people 
from page 175 
His varied background includes work 
on chemical, oil, and salt manufactur- 
ing projects; vapor compression proc- 
ess work ing the vaporation of 
7 ite waste liquor from paper 
; and basic work on special 
para for submarines. Smith has 
a patent pending on his Density Con- 
— for Light Hydrocarbon Frac- 


a visiting professor of Chemical En- 
gineering at Stevens Institute of Tech- 
nology, Hoboken, He is 
teaching the course Chemi 
Design and Evaluation in the fall 
term. 
Max S. Peters received the 1959 
George Westinghouse 
a Award of the American 
M Society for Engineering 
Education. Peters is head 


Chemical Engineering at 
the University of Illinois, and is active 
in directing both graduate and under- 
= research work. In addition 

blishing twenty scientific papers, 
he written two books, Elementary 
Chemical E and Plant De- 
signed Economics for Chemical En- 


— His own research work is in 
field of kinetics and mechanisms 
of chemical reactions. 

As head of the division of chemical 
engineering at the co Peters re- 
vised the now gives 
flexibility in planned sub- 
stitution of courses such as advanced 
mathematics, physics, and chemistry, 
for more conventional courses. 

Peters is a member of the 
Committee, and the Professional De- 
velopment Committee of A.I.Ch.E. 
Guy Jorquera recently received a tri- 
bute from the Chilean Institute of 
Chemical Engineers in the form of 
a gold medallion mounted on a leather 
plaque. The medallion is inscribed 

o Our Founder and first president 
1933—with grati py a uera, after 
receiving his BS in ished his 
formal education in the United States. 
He established the first Department 
of Chemical Engineering in Columbia, 
South America. During 5% years in 
Columbia, he also as consultant 
to the vegetable oil and chemical 
fertilizer industries. He is now with 
the Lummus Company, New York 
City, in the Process t. 
Leon S. Kowalezk has been named 
chairman of the Department of Chem- 
ical Engineering at the University of 

continued on page 178 
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LEFAX 


TECHNICAL DATA BOOKS 


North Wales’ 


For mere information, circle Ne. 67 


i For more information, circle No. 21 
] 
.. 
: 3 Printed on loose leaf, six hole, 6%” « 
f 3%” bond paper, each book contains about 
140 pages of technical data, condensed, accu- 
* rate, essential material for engineer, technical 
h worker, teacher, student ond business man. 
y Architecture Machine Design 
Home Heating Machinist's Data 
Illumination Mech. of Materials 
; Electrician's Data Power Trans. Mach. 
i Builder's Date Thermodynamic 
| Data & Charts 
Cond’ Phys. Thermo. Data 
Bid Metals 
Reinforced Concrete Metallurgy 
Piping Data Hydraulics 
Surveying Radio 
Highw Electricity, 
General. Electricity, DC 
Math Tables AC Motors & Gens. 
Physics Transfs. 
Trig- Tables Relays & Meters 
Gen! Chemistry Conversion Tables 
< Chemical Tables Welding’ 
Mechanical Dreving 
" Write for FREE catalog (over 2000 list- 
= " , ings). See for yourself how helpful LEFAX 
ee i ae ean be to you. Send $1.25 for each book, or 
‘Sibel: aebnbeaitics $6 for any five books listed above, to LEFAX. 
CHEMICAL TABLES HANDBOOK—320 pages 
: -— - of the Department of of up-to-date complement of chemical tables 
covering the physical and thermodynamic 
| properties of inorganic and ergonic com- 
pounds. Classified, indexed, leose leaf, 
‘ pocket size in simulated leather cover. $4. 
109 
PUBLISHERS 
: LEFAX Phila. 7, Pa. | 
i 
/y 
REMEMBER 
RANGE Temp: — 60° to 
Head: 20 to 1200 ft. +600° F. j 
Diff: 0 to 550 H.P.: % - 30 BHP ; Oe 1 
Cap: 1 to 140 GPM NPSH: as low as 3 ft. 
Caustic Solutions Hydrocarbons into every 
31688; Hast. C; Cl; nickel; Ni-resist; 
FREE GET THEM ct any 
Technical distributor authorized Yo Corry 
Ch 


that creeps into millionth inch spaces (proved 
by laboratory tests), dissolves rust, supplies 


Loosens Frozen Parts 


18,000 of America’s leading plants can‘t be wrong. 
They have used KROIL for ten years and depend on it to 
save expensive labor and valuable ports. They say: ‘Kroil 
loosened bushings after a 12-ton press had failed”... “on 
repairing heat treat trolleys formerly destroyed every nut. 
Now Kroil soves them all, and time, too.’ 
You too can get these results. Try KROIL on money-back basis. 
Gallon, $4.00; with Kroiler 
squirt gun, $4.95, f. o. b. 
factory. 


Ask for GENIUS AT WORK —< free publice- 
tien full of ideas for maintenance men. 


KANO LABS. “n= 


Neshville 11, Tenn. 


| IMPORTANT NOTICE 
iz : | |i 
! 
| 
| : 


EFFECTIVE DATE OF NEW ADDRESS 
NAME OF CITY OR TOWN 

NAME OF CITY OR TOWN 

PRINT NAME HERE 
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Heil Nocorda! Grid-type Heo! 
Exchonger in Retr y lined 


© Utmost Corrosion 
Resistance 


© High Heat Transfer 
© Thermal Shock Resistance | 
© Low Cost Operation 


Specify 


IMPERVIOUS 
GRAPHITE 


Shell and Tube, and Immersion Type 
HEAT 


NOCORD 


Heil Nocorde! Grid- 
type Meer Ex- 
er tor 
ing in Bottom of Tonk 
j tions of Rore 


s 


You can overcome even your toughest corrosion 
problems when you specify Heil proven Nocordal 
exchangers. Nocordal is unsurpassed for practically 
any chemical processing application; can be used 
safely with most all acid solutions and is non-metallic; 
consequently, it avoids any metallic contamination. 

Available in a wide range of proven, 
pre-engineered shell and tube exchangers, 
steam or electric immersion heaters, also 
steam jets to agitate and heat tank solutions. 


Get full details. Send for Bul. No. 156 today! 


LININGS TAMERS 
WEATERS 
PLASTICS 


CORPORATION 
12908 Eimweed Avenve « Cleveland 11, Ohie 


For more information, turn to Data Service card, circle No. 124 
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For more information, turn te Data Service card, circle No. 142 
Don't ruin a valuable piece of equipment | 
fa merely because some part is rusted tight. Apply 
KROIL, the amazing new chemical lubricant 
» necessary lubrication and... 
= 
‘ 
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Detroit. He succeeds Charles G. Dun- 
combe, who will continue to serve at 
the University as Director of the Re- 
search Institute. 


Norman H. Parker has joined Tower 
Iron Works, Providence, R.1., as mana- 
er of the Industrial Division. He was 
ormerly manager of Engineering, 
Turbo-Mixer Division, at General 
American Transportation. 


Allen G. Erdman promoted 


Massachusetts. Erdman 


the company since been he. 
search Department in 1939, and 


held various i at the Oak 
Ridge ational Laboratories and at 
the Columbia, Tennessee, plant. He is 
a past chairman of the Western 
Massachusetts Section of the Institute. 


The present chairman of the local 


HIGHEST HEAT TRANSFER 
in FLUID PROCESSING 


Obtained in AJUST-O-FILMs, THIN-FILM PROCESSING UNITS 
with EXCLUSIVE BLADE-CLEARANCE CONTROL 


178 


wontro 


Maximum heat transfer obtained 


controlling film thickness, residence time and turbulence . . . in 
processing high and low viscosity heat-sensitive materials. 


DISTHLLING . . 


for CONCENTRATING .. . 


DESOLVENTIZING . . . STRIPPING . 


Unlimited Concentration Ratios 
One positive, rapid pass 
Continuous and automatic 


Reverse Taper for Low to Medium Viscosities 


Forword Taper for High Viscosities 
Horizontal or Vertical Mountings 


The KONTRO COMPANY, Inc. 
MASSACHUSETTS 
A member of Artisan Industries 


PETERSHAM 


October 1959 


by adjusting blades, thereby 


. EVAPORATING .. . 
. CHEMICAL REACTIONS 


Patents Pending 


from page 176 


section, Alfred W. Andrews, has also 
taken on added responsibilities at 
Monsanto. Assistant director of engi- 
neering for the Plastics Division at 
Springfield, Andrews will also handle 
overall de tal en ring re- 
lationships, as well as elopment, 
planning, and plastics engineering 


ed is Robert K. Dim- 
mitt, who becomes assistant director 
of engineering, taking over Andrews’ 
work. 


has been named 
head of the new Univer- 
sity of Connecticut De- 
partment of Chemical 
Engineering. Cooper, for- 
merly with the Chemical 
at Pratt Institute in lite New 
York, has also held posts as a ae 
engineer and as an executive wi 


Albert H. 


several firms. Included are itions 
oe engineer with US Indus- 
Chemical, research engineer at 


Du Pont, and vice president and 
technical director, Chemecon Corp. 
Cooper is author of 25 technical arti- 
cles, and has five United States pa- 
tents pending. He is currently work- 
ing on two textbooks in the field. 
Saul Ricklin moves up to the _ 
of vice president in charge of develo 
ment at Dixon Corp, Bristol, R.I. 
Formerly president of Ricklin Asso- 
ciates, he recently joined the firm as 
director of development. 
Jose A. Samaniego has been appointed 
chairman of the 1960 Bay 
Area Committee for Engineers’ Week. 
Samaniego, who works at Shell De- 
velopment’s Emeryville, California, 
Research Center, also served the Com- 
mittee as general co-chairman in 1957 
and 1959. A chairman of the 
local A.L.Ch.E. Section, in 1950 he 
edited the publication, San Francisco 
Engineer. 

Theme this year of Engineer's Week 
is: Engineering's Great Challenge— 
The 1960's. 

Harry B. McClure, vice presicenrt, 
Union Carbide, has been named to 
receive the Chemical Industry Medal 
of the American Section, Society of 
Chemical Industry. The Medal has 
been awarded to McClure in recogni- 
tion of his outstanding contributions 
to the development and progress of 
the chemical industry. He has spent 
over 30 years in the industry, yam, 
which time he has been conce 

not only with the development of . 
chemicals, but also in finding indus- 
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Problem: 


To reduce cost of blending 
200 dry powder formulas 
from £2 raw materials 


SPROUT-WALDRON 


PNEUMATIC SYSTEM 


Pushbutton blending of over 
200 different dry powder for- 
mulas, from 52 raw materials 
at Dearborn Chemical Com- 
pany is credited with a 1300% 
increase in manpower effici- 
ency. 98,000,000 Ibs. a year of 
diverse formulas for water con- 
ditioning and corrosion control 
can now be turned out by six- 
teen operating and mainten- 
ence personnel at the Dearborn 

lant. This rate of 6,125,000 
Ibs. per man per year is con- 
trasted with the rate of 438,500 
lbs. per man per year at their 
old plant. 


Credit for this tremendous 
increase in efficiency goes to 
the speed and automation of 
the Sprout-Waldron pneumatic 
handling system. This air trans- 
fer system handles the dry 
chemicals at rates to 80,000 
Ibs. per hour over a 25 ft. hori- 
zontal run and a 69 ft. lift. 

Sprout-Waldron positive and 
negative pressure systems are 
helping industry cut costs and 
speed handling. Further spe- 
cific information can be found 
in Bulletins 118 and 208. Copies 
available on request. 


CW/106 


SPROUT-WALDRON 
Muncy, Pennsylvania 
Size Reduction + Size Classification + Mixing 
Bulk Materials Handling + Pelleting 
For more information, ‘circle No. 39 
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W 
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trial uses for them. The author of 
many technical papers and articles, 
McClure was awarded an honorary 
degree of doctor of science by Morris 
Harvey College in 1948. He also re- 
ceived the first honor award of the 
Commercial Chemical Development 
Association for valuable service to the 
chemical industry. He has been asso- 
ciated with Union Carbide since the 
beginning of his career in 1928. 

J. N. Stone transferred to the Research 
and Development Division of Cham- 
pion Paper and Fibre at Hamilton, 
Ohio. His work will consist mostly 
of development and market research 
in the chemical products field. 


Edwin H. Young has been promoted 
to 4 essor of Chemical 
and Metallurgical Engi- 
neering at the University 
of Michigan. A _ staff 
member at the Univer- 
sity for twelve years, 
Young has been for several years 
director of the Wolverine Tube 
Finned-tube Heat Transfer Project in 
the University Research Institute. 
Charles 8. Keevil has joined the 
Helen Edwards & Staff Agency in 
Los Angeles. He is a specialist in the 
placement of scientific and engineer- 
ing personnel. 

Frank C. Haas heads up the new 
Chemical Division at the Wilson 
Engineering Company in Cleveland. 
Haas was formerly vice president and 
director, Archer - Daniels - Midland 
Company. 


Harry G. Simmerman has joined the 
chemical engineering staff of General 
Mills Central Research Laboratories, 
Minneapolis, Minnesota. 
George T. Atkins has been retained 
by Foster Wheeler as a full time con- 
sultant in pe refining and pe- 
trochemical processing. Atkins is 
widely known in the field of 
design of distillation, heat transfer, 
fluid catalytic cracking, extractive dis- 
tillation and waste heat recovery facil- 
Grant E. Stueber has been named 
manager of chemical process develop- 
ment at B. F. Goodrich Chemical 
Development Center, Avon Lake, 
Ohio. Stueber was formerly a develop- 
ment supervisor at the installation. 
Lester B. Cundiff has been named 
senior process engineer in the Poly- 
olefin Department, American Viscose 
Research and Development Division. 
continued on page 180 
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The TAYLOR 

Has Guaranteed 
Color Standards 
That Give 


DEPENDABLE 
Data 


For fast, yet completely accurate tests 
of color, ammonia, nitrite, nitrate, 
chlorine, total iron, manganese, silica, 
copper, fluoride, bromine, aluminum, 
nickel and low chromate, use a Taylor 
Water Analyzer. One basic, low-cost 
unit is adaptable for use with 18 
guaranteed color slides. Allows you 
to make practically any determina- 
tion required in plant operations. 
Ideal for obtaining the pH of unbuf- 
fered or slightly buffered liquids. 
Tests are made in only minutes. 


No fragile glass standards to handle. 
Complete instructions included with 
every set. 


Contains color standards covering the 
0-10 ppm range which can be extended 
by diluting the sample. Sealed-in- 
plastic color standards virtually elim- 
inate mechanical error. 


Also available — 
TAYLOR COMPARATORS 
for testing pH, phosphate 


Be sure te use only Teyler reagents 
and accessories with Teyler Com- 
peretors to assure accurate results. 
Tayler coler stenderds ere gverean- 
teed against fading. 


SEE YOUR DEALER for Taylor sets or im- 


W. A. TAYLOR #3" 


4/2 STEVENSON LANE @ BALTIMORE 


Fo: more information, circle Neo. 20 
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Solution: 
— 
ox © 
| MIDGET 
plies. Write direct for FREE 
am) HANDBOOK, “Modern pH and 
Chlorine Control”. Gives theory 
C= \\_ ond application of pH control. 
Mlystrotes and describes full line, 


A.L.Ch.E. 
LATEST PUBLICATIONS 


NOW AVAILABLE FOR 
5-DAY FREE EXAMINATION 


21. COMPUTER TECHNIQUES IN CHEMICAL EN- 
GINEERING: 12 papers, primarily on digital-com- 
puter techniques in use in the chemical industry. 
$3.00 to members $4.00 to nonmembers 

22 and 23 NUCLEAR ENGINEERING—Parts V a 
Vk: In all, 63 papers on the chemical engineering 
aspects of the nuclear field. Most of the A.I.Ch.E..- 
sponsored papers presented at the 1958 Nuclear 
Congress are included in Part VI. 
$3.50 each to members $4.50 each to nonmembers 

24. ADSORPTION, DIALYSIS, AND ION EXCHANGE: 
Detailed discussion of the use of these operations 
in fractionation and other operations, with em- 
phasis on the chemical engineering viewpoint. 
$3.50 to members $4.50 to nonmembers 

25. REACTION KINETICS AND UNIT OPERATIONS: 
23 surveys of the basic fields in chemical engineer- 
ing, covering the most recent developments and 
future trends. 

$3.50 to members $4.50 to nonmembers 


26. CHEMICAL ENGINEERING EDUCATION — ACA- 


DEMIC AND INDUSTRIAL: Discussions of new 
curricular developments in colleges and univers- 
ities and of industrially sponsored training pro- 


grams. 


$3.00 to members $4.00 to nonmembers 


Anyone wishing to ploce a standing order to receive Monograph and Symposium 
Series volumes as they ore issued is asked to check the box in the coupon below. 


Please send me the books(check enclosed 0, bill ); 
Add 3% sales tox for delivery in Now york City 


O 21 Computer Techniques © 24 Adsorption, Dialysis, 
lon Exchange 

CO) 22 “Nuclear Engineering V © 25 Reaction Kinetics, Unit 
Operations 

O 23 Nuclear Engineering VI © 26 Chemical Engineering 
Education 


(Name) 


(Address) 


O Member Nonmember 
O Add my name to the standing order list for the Monograph and 
Symposium Series. | will pay for each book on receipt. 
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from page 179 
ht has been inted a 
vice president of U.S. In- 


dustrial Chemicals (Na- 
tional Distillers). Knight 
will continue to direct 
the Polymer Service La- 
boratory, as well as 
working on U.S.I.’s polyolefin develop- 
ment program. Knight, since —— 
the company six vears ago, has 

in the capacity of polyethylene mana- 
ger, both in production and planning. 
J. 1. Perkins, Jr. moves up to the 
position of project engineer in Dia- 
mond Alkali’s Process Development 
Section. His work will be in the high 
Rw of the Research 

t. 


Joyce E. Hooper has joined Ethyl 
Corp, Baton Rouge, as an engineering 
assistant in the Research and Develop- 
ment Department. 

C. C. Williams, III has been appointed 
supervisor at Shell Development's 
Emeryville Research Center. He is 
in the Oil Process Engineering De- 
partment. 

Leland W. Milligan, Jr. joined U.S. 
Borax Research (U.S. Borax & Chemi- 
cal) as research engineer. Milligan has 
been assigned to the chemical engi- 
neering research department, with 
headquarters at Boron, California. He 
was previously with the U.S. Bureau 
of Mines, Louisiana, Mo., and the 
Midwest Research Institute. 

J. E. Cauley, Jr. to senior 
chemical engineer in Humble Oil & 
Refining’s Baytown, Texas, refinery. 
He is engaged in the design of facili- 
ties to increase production of butyl 


rubber. 
Named to new ition in Hooker 
Chemical’s phos division is R. 


George Hartig. He is supervisor of 
process design, with headquarters at 
Jeffersonville, Indiana. 

In other changes at Hooker, Alex 
Katona was transferred into product 
development at the company’s new 
Research Center at Niagara Falls, 
New York. 

Robert S. Forsyth moves up into the 
position of senior development chem- 
ist at National Starch and Chemical. 
Forsyth’s work is with the adhesive 
technical development group. 

John L. Patterson steps into the j 
of assistant manager, film manufac- 
turing at Eastman Kodak, Rochester, 
New York. He succeeds Richard M. 
Wilson, who became manager of film 
manufacturing. 
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25 West 45 Street 
New York 36, New York 
| 
| 
| 


IT’S IN THE 


“Polycel Tanks” 
by WENDNAGEL 


The story is in the “bag”. Polymer 
Linings for Wood Tanks—the modern 
way to handle most chemical solutions, 
even some strong concentrations. Poly- 
cel is an advanced tank design com- 
bining the new polymers with wood 
tanks built for the job. Custom fea- 
tures for you at standardized produc- 
tion savings. 

Use coupon or write details of your 
tank problems for r dati 


WENDNAGEL & CO., INC. 
620 W. Cermak Rd., Chicago 16, Ill. 
Please send dota on POLYCEL Tanks. 
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John R. Thomas appointed manager 
of Globe-Union’s Battery Engineering 
Department. He comes to the firm 
from Dewey & Almy (W. R. Grace). 


W. Paul Moeller has joined AviSun 
as manager, special projects. He was 
previously manager of the Plastics 
Division, Celanese Corp. Moeller, in 
addition to twenty years association 
with Celanese, also taught at several 
engineering schools. 


b> people in marketing 


I. H. Munro has been elected vice 
president, marketing, at Allied Chemi- 
cal, and Irb H. Fooshee vice presi- 
dent, manufacturing. Munro is presi- 
dent of Solvay Process Division; Foo- 
shee is in charge of General Chemical 
Division. Both men continue to head 
their respective Divisions. 


At Solvay Process, Robert E. James 
moves to the Moundsville, West Va, 


moves into the position of manager, 
national branch sales. 


Changes in Dow Corning sales office 
bring Max H. Leavenworth into the 
post of manager, Cleveland office. 
Edwin Haire will succeed him as 
manager, Southwestern branch in 
Dallas, Texas. 


Albert Gnesin appointed east coast 
regional sales manager at 


Edwin T. Richard j the Market- 


ing rtment Monsanto’s Inor- 
Division. He is mana- 
ger, marketing research. 

continued on page 182 


process requirements...you'll 
get the right spray nozzles 
quicker by calling Binks. 
There is a size and spray pat- 
tern for every purpose...with 
nozzles cast or machined from 
standard or special corrosion- 
resistant metals and materials. 


64, 
“ff 
» 
Si, : 
“WOOD TANKS 
ee the spray nozzles 
plant as manager. Edward J. Walsh - 
s 2 aa replaces him as manager at the Balti- humidifying, dehydrating and 
more Works. hundreds of oti applications. 
— Richard F. Protiva appointed mana- Whatever your production or 
ger, market development 
at Heil Process Equip- 
|ment. Protiva joined the 
Cleveland firm in 1940 
| sales engineer, and 
been eastern sales 
manager since 1957. Robert E. Scheel 
Send for Catalog 5600 
Gives details on nozzle 
applications, sizes, 
capacities, spray 
f Easy to use selection 
tables. 
= Chicage 12, Hi. i 
Delhi-Taylor Oil, Chemi- || me Spray 
i cal Division. Gnesin was |! Ceteleg 5600—no obligation, of course. | 
Chemical as district sales |! 
| Bi k 
| 
! 
For more information, circle Ne. 22 Fer more information, circle No. 137 
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Aastra, mn. 


. . provides a comprehensive, 
integrated service for 
development of the peaceful 
uses of Atomic Energy 


INCLUDING: 

© Heat Transfer 
Thermodynamics 
Computer Programming 
Reactor Specifications 
and Design 


© The only COMPLETE, single- 


source reference work on— 


The Dynamics and 
Thermodynamics of 
Compressible Fluid Flow 


H. SHAPIRO 
M Institute of Technology 


Compr: hensive, unified treatment of com- 
pressible fluid mechanics. Ranging in 
scope from fundamentals to analytical 
development of design methods and ad- 
vanced exemplary methods, book or- 
ganizes a fund of up-to-date material 
directly applicable to engineering prob- 
lems that arise in heat transfer at high 
combustion, gas turbines, jet en- 
gines, boundary layers in tubes, etc. 
Discussions are based on a combination 
of clear physical reasoning, theoretical 
treatment, and experi- 
mental! vesults, designed 
to create a book of high 


practical value for en- 
gineering purposes, All 
important results are re- 
duced to chart form. An 
appendix provides nu- 
merical tables. Vol. 1: 
635 ills., 647 
pp. Vol. Il: 560 ills. 


tables; 537 pp. Sin 
vol., $12.50. Set, ingle 


Order direct from: 


THE RONALD PRESS COMPANY 
15 East 26th’ St., New York 10 


For more information, ‘circle No. 66 
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b> people in marketing 
| from page 181 


Robert E. Deatz moves into the newly 
a created position of mana- 
ger planning at 
er Process Equip- 
ment Division, Cheme- 
tron. He will be respon- 
sible for research and 
planning aimed at market expansion 
and development of new "ected 


lines. 


NECROLOGY 
William Spencer Bowen, 73, founder 
and honorary director of Bowen En- 
Inc. Bowen served actively 
of the company until 
1958, when he became honorary 
director. He .retired from the 
of director of research in 1951. Bowen 
had over 60 patents, most of them in 
the field of spray drying. In 1955, 
he presented a paper, Bowen Solar 
Energy Mechanism, before a meeting 
of the Association of Applied Solar 
Energy. Bowen was an active member 
of ASME. 


Harold S. Vance, 69. A member of 
the AEC since 1955, Vance was ap- 
pointed to the commission by Presi- 
dent Eisenhower for 2 term ending in 
June, 1960. His particular interest as 
a member of the commission was in 
industrial applications of atomic en- 

ergy. Before appointment to the com- 
mission, Vance was chairman of the 
executive committee of the Stude- 
baker-Packard Corp. He retired from 
the presidency of Studebaker in 1954. 


Kenneth E. Kress, 36. He was super- 
visor of methods develo; t in the 
analytical aboratory at 
Firestone Tire Rubber. Starting 
ny woth 1944, as a chem- 
ical engineer in the laboratory, Kress 
was named in 1953. He 
— several papers, including 

is latest, Photometric Determination 
of Zine Oxide. 


tion will increase several fold at Emery 
Industries when a $6 million expan- 
sion is completed at the Cincinnati 
a Said to be the only installation 
sis, t plant uses Emery 
ozone . The original 
in which the double bond of 
oleic acid is attacked by the ozone, 
cleaving the chain to yield a C, di- 
basic acid. azelaic, and a C, mono- 
basic acid, pelargonic, will also be 
used in the unit, with minor 
modification. 


TRANSFERS HEAT 
without pipe coils 


Heats. Cools. Dries. Has many 
in the chemical 
eld. The one shown above is 
made of embossed 


but if you want Cou -top shelv- 
ing specify single em 
assembled, or, do-it- 
yourself. 

The Dean THERMO-PANEL 
Coil TAKES THE PLACE of 
pipe coils. Patented and Pat- 
ents Pending. Ask for com- 
= ete prices on the latest Dean 

at-transfer models which as- 
sure INCREASED CAPACITY. 
Write, phone, or wire. 


Backed by 24 Years of Panel Coll Manefactering 


DEAN THERMO-PANEL COIL DIVISION 
DEAN PRODUCTS. INC. 615 Franklin ips 


BROOKLYN 38, N. Y. Te! Ste 


How To Get Things iene 
Better And Faster 


Write for Your Copy Teday 
GRAPHIC SYSTEMS 


55 West 42nd Street © New York 36, N.Y. 
For more information, circle No. 83 
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For more information, drcle No. 45 For more information, circle No. 94 
- 
© Shielding Design 
© Nuclear Facilities Planning 
Radiation Chemistry 
© Reector Hazard Studies 
Health Physics 
© Physics Engineering 
Economic Surveys 
P. O. BOX 226 
RALEIGH, WN. C. 
: Tel.: VAnce 8-4386 
Cable: ASTRA 
i 
|, 
Azelaic and pelargonic acid produc- BOARDMASTER VISUAL CONTROL 
yy Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 
-_, tx Simple to Operate —Type or Write on 
Cards, Snap in Grooves 
Ye Ideal for Production, Traffic, Inventory, 
Scheduling, Seles, Etc. 
vy Made of Metal. Compact and Attractive. 
Over 400,000 in Use 
g Faull price with cards 
24-PAGE BOOKLET NO. BE-30 


Chemists 


Opportunity for several creative chem- 
ists experienced in the compounding 
and formulstion of industrial mainte- 
mance cleaners or cosmetics or indus- 
trial skin cleansers. 

This expanding company serves both 
industrial and retail customers, na- 
tionally and internationally. All re- 
plies confidential. Send complete re- 
sume of experience, education and state 
your salary requirements to: 


Personnel Manager 
@. H. PACKWOOD MANUFACTURING 
COMPANY 
1545 Tower Grove Avenue 
St. Louis 10, Missouri 


25 West 45th Street 
New York 36, New York 


SITUATIONS 


CHEMICAL ENGINEERS 
—Manufacturing Processes— 


Due to continuation of our expansion 
Program. we need several young chem- 
jeal engineers with 3-5 years experi- 
ence. Work will involve evaluation and 
start-up of pew equipment, develop- 
ment of manufacturing techniques, 
maintenance of quality levels. prepara- 
tion of operating procedures and meth- 
ods. Experience in rubber or plastics 
resins desired If you are seeking the 
challenge and diversity available in a 
srowing, dynamic organization, reply to: 
€. M. Mills, Personnel Director 


MARBON CHEMICAL 
Division of Borg-Warner 
Box 68 Washington, West Virginia 


Expansion of technical operations has 
created an exceptionally good oppor- 
tunity in one of our largest divisions 
for the right person, to establish and 
operate a smal) high-level research de- 
partment within a technical organiza- 
tion. PH.D. or equivalent in chemistry, 
physical chemistry. ceramics and allied 
fields. Experienced in supervising ap- 
plied research desirable. 


needs scientists in these fields 


ORGANIC CHEMISTS 


PhD. qualified in synthetic and 


PHYSICAL CHEMISTS 


PhD. or equivalent qualified in the rheology of vis- 


physical organic chemistry research coelastic media for experimental and/or theoretical 
to study special problems encount- : research on the mechanical properties of polymers, 
ered in developing resin binders for ° polymer solutions and polymer filler sy 


PhD. quolified in basic measurements and calculo- 


PhD. quolified in polymer chemistry : tions in chemical thermodynamics. Experience in per- 
formance 


for research on the synthesis of poly- - 
mers of known structure so as to be - 


able to relate structuraland mechan- : PhD. qualified in physical chemistry of polymer solu- 
ical properties. Requires good back- : tions for experimental and/or theoretical work on 
ground in physical chemistry and * such molecular properties of polymers os the r.m.s. 


math. NMR experience desirable. 


end-to-end chain length, M.W. distribvtion, etc. 


U.S. Citizenship is a requirement 


Send resumé or 


apply in personto... JET PROPULSION LABORATORY 


A Research Facility Operated fer N.A.5.A. 
4800 OAK GROVE DRIVE + PASADENA, CALIFORNIA 


type, ete. Easy to apply for the ama- 
teur. 

Guarantee: Keeps things as new and/ 
or restores initial brilliance. 

Poreign licenses svailable for sound 
firms. Inquiries under Number 79 963 
to Anzeigen-Luz, Bahnhofstr. 4, Reut- 
lingen (Germany). 


For UNION CARBIDE CORPORATION — 
Engineer or chemist with 3-10 years’ petro- 
leum process or products experience to buy 
lube oil, fuel oil, solvents, waxes. coke, 
etc., in Central Purchasing Dept. N. Y. C. 
location. 


Send resume to: 
J. CORRY 
Room 102, 30 E. 42 St., N. Y. 17, N. Y. 


CHEMICAL ENGINEERS 
For development of advanced proc- 
essing techniques for new solid 
rocket fuels and their chemical 
constituents. 


UNIQUE OPPORTUNITY 


for a few capable engineers to join 
established research division with 
ten year record of creative contr'- 
butions in the rocket propulsion 
field. U. S. Citizenship required. 


Send resume to: 
Personnel Director 


ROHM & HAAS COMPANY 


Redstone Arsenal Research Division 
Hunteville, Alabama 


RESEARCH CENTER 
CRYSTAL LAKE, ILLINOIS 
CHEMICAL ENGINEER, B.S... to assist 
in devel t of dary recovery 
pr and lication of these 
processes to reservoirs. Experience de- 
sirable but not essential, Sound fun- 
damental background in science and 

mathematics required. 

Production engineering is an expand- 
ing activity at a modern laboratory 
located near Chicago. Excellent living 
and working conditions. Attractive 
salary and company benefits. 


Send resume to: 
Mm. DAWES 
THE PURE OIL COMPANY 
Research Center 
Crystal Lake, Illinois 
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Address Replies to Box Number cere of; 
CHEMICAL ENGINEERING PROGRESS 
| 
composite propetionts 
MANAGER 
Howard A. Pilkey 
THE CARBORUNDUM COMPANY | 
Niagara Falls, New York 
INVENTION that revolutionizes any ex- 
isting polishing technique for furniture OPENING IN 
and automobiles: PRODUCTION ENGINEERING RESEARCH 
Coat-producing polishes suitable for any aT 
finish, for synthetics of the polyester THE PURE O1L COMPANY 


CRYOGENIC 
RESEARCH & DEVELOPMENT 


This integrated and growing company is foremost in the develop- 
ment, design, menufacture, construction and operation of plants 
for the low-temperature production of pure liquefied gases, mis- 
sile fuels, tonnage oxygen, and gas separation for the chemical, 
petroleum, metallu: gical, steel, and missile industries. 


The expanding Cryogenic industry and our enlarged Research and 
Development Center have created these career opportunities: 


© SECTION MANAGER—Pilot Piant and Components 
one-third million dollar budget. 
@ SECTION MANAGE cal chemistry proper- 
ties, vapor-liquid equilibria, adsorption, technical data book. 
GROUP LEADER—prototype small plants 
GROUP LEADER—analytica!l instrumentation 
MECHANICAL DESIGN ENGINEER—pilot picnts 
INSTRUMENT APPLICATION ENGINEER—piant performance 
dota and evaluation. 
@ CHEMICAL ENGINEER—development, distillation, heat ex- 
changers, cold equipment. 
@ ENGINEERS, CHEMICAL OR MECHANICAL — miniature cry- 
ostat development down to —450° F. 
PATENT ENGINEER 


Liberal benefit program includes relocation expenses and tuition 
refund plan for education at local colleges and vuni- 
versities. Eastern Pennsylvania offers suburban advantages and 
close proximity to metropolitan New York and Philadelphia as 
well as to vacation areas. 


Please submit resume in complete confidence to D. J. Blackmore 


P. O. Box 538 Allentown, Pa. 


Attractive openings for Chemical and Mechanical Engineers in engineering 
— — development departments of multi-unit chemical plant located 
in Cen inois. 


Speticnsis should have a minimum of 3 years related experience. 
Please submit resame of experience including salary information to—Profes- 
sional Employment Manager. 


Ali replies will be kept confidential. 
U. S. INDUSTRIAL CHEMICALS CO. 
Division of 
National Distillers & Chemical Corp. 
99 Park Avenue New York, N. Y. 


SITUATIONS WANTED 
A.l.Ch.E. Members 


ADMINISTRATIVE CHEMICAL ENGINEER — 
Age 35, B.Ch.E., with ten years’ experience 
in project, liaison, administration, process 
and mechanical design. sales & production. 
Available for employment in Mexico or 
Latin-America. Excellent knowledge of Span- 
ish and Latin-American business proce- 
dures. Box 10-7 


review, technical support to production, 
pilot plant operationge, economic evaluations, 
technical writing. Five years’ supervisory. 
Desire responsible, challenging assi¢ 


CHEMICAL ENGINEER — B.S.Ch.E., 1941. Pif- 
teen years’ experience in chemical manu- 
facturing supervision and management. In- 
cludes production, pilot plant development, 
and process engin management. In- 
terested in technical management or ad- 
ministrative position in chemical and allied 
industries. Minimum $12,000. Box 10-9 

M.S.Ch.E. 1954—Age 28, family. Five years’ 
diversified experience in process develop- 
ment, process engineering, and production 
supervision. Tau Beta Pi. - 
ing position with future. Florida location 
preferred. Box 10-10 


CHEMICAL ENGINEER—B.Ch.E., "46, refinery 


PRODUCTION SUPERVISION—-M.S.ChE. Ele- 
ven years’ experience in inorganic, organic 
and petrochemical production at supervisor 
and superintendent management levels. De- 
sire production management position with 
progressive company with growth potential. 
South preferred. Salary $12,000. Age 38, 
married. Box 10-12 


CHEMICAL ENGINEER—B.ChE., ‘51, M.Ch.E., 
SS, N.Y.P.E. Eight years’ process design 
and project engineering experience in pe- 
troleum refining and petrochemical units. 

Desire position im technical sales and/or 

service. Prefer tan N. Y. C. area. 

Single. age 32. Box 10-13 


ager, etc. 
$20,000. Box 10-14 

T CAL. ™ ‘or project eval- 
uation position in New York City desired by 
capable, aggressive, resourceful chemical en- 
gineer. Ten years’ diversified, applicable 
experience. Graduate degrees. Box 10-15 


STAFF CONSULTANT FOR LONG RANGE 


available part-time for contemplation of 
probiems requiring decisi 
Particularly with respect to process changes 
or additions. Specialize in scholarly, sys- 
tematic synthesis of framework for distorted 
facts, cuiminating in concise written pre- 
sentation. Research and development pro- 
recommended, guided and analyzed. 


terested parties. Box 10-16 


PLANT MANAGER OR STAFF ENGINEER— 
B.Ch.E., "41, P.E. Extraordinary experience- 
chemical development project engineer and 
production superintendent, also manager 
and superintendent alloy plate fabricating 
plants—chemical plant equipment. Inter- 
ested-management chemical plant opera- 
tions. ste fl engineering or executive liaison. 
Box 10-17 


SALES ENG!INEER—B.S.Ch.E.. with additional 
business studies. Ten years’ extensive ex- 
perience sale & application automatic con- 
trol equipment for process industries. Cur- 
rently middle management position. Desire 
promising sales management opportunity 
with medium to small company. Box 10-18 


CHEMICAL ENGINEER—M5S.ChE. Age 28. 
Four years’ experience R & D and pilot 
plant in organics, special fuels, plastics and 
adhesives. Seeking technical and adminis- 
trative position with dynamic company. 
N. J. and N. Y¥. C. preferred; others con- 
sidered. Box 10-19 
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‘ 
CHEMICAL ENGINEER —BS.ChE. 1041. 
Broad experience in plant start-up design 
with expanding chemical manufacturer 
10-8 
and petrochemical plants project manager. 
perfect German, some Dutch and Russian, 
seek project manager position in Germany 
where now on engineering assignment. Box 
4 10-11 
EXECUTIVE—Age 39, eighteen year service 
with leading fine chemical producer, willing 
: to move for right management position in 
growth company. U. A. or foreign loca- 
tien. Experienced development production, 
: design. construction, foreign project man- 
— — 
STUDIES Theoretical hemical engineer 
— 
background in physics, mathematics and 
economics. Eastern seaboard contacts pre- 
Production Economist Coatings Engineer 
© Maintenance Control Engineer *® Process Engineer 
: * Plastics Engineers — Development and Customer Service 
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CHEMICAL ENGINEER—B.ChE., PE. — 
uate study, age 32. Nine years’ process de- 
velopment, production supervision and piant 

ecring im organic chemical. Desire 
plant management or greater responsibility 
as plant ay in small to medium com- 
pany. Salary $12 . Box 10-20 


CHEMICAL ENGINEER—B.Ch.E., 1950. Eight 
years’ experience in petroleum and chemical 
fields includes process and product develop- 
ment, and process design. 
ing position in administration. Philadelphia 
area. Box 19-21 


CHEMICAL ENGINEER—BS. Eleven years’ 
diversified experience in research, engineer- 
ing, technical service and management. 
Practical and business minded. Want chal- 
lenging. responsible and remunerative job 
with small aggressive company. Box 10-22 


AGGRESSIVE—-B.Ch.E.. 1953. Seek enterpris- 
ing and aggressive loyer who 4 ds 
intelligence, breadth of outlooks, business 
semse, sound technical ability, and willing- 
ness to assume real responsibilities. Sincere 
employers please write Box 10-23 


PROCESS ENGINEER—MS.ChE. Eight years 
diversified experience, including technical 
supervision. Knows what it takes to make « 
profitable venture and how to put a plant 
together and run it for maximum return. 
Interestec in smaller to medium organiza- 
tions. Lo. ation open. Box 10-24 

CHEMICAL ENGINEER—M.Sc.. age 34, pat- 
ents, diversified experience petroleum re- 
fining units process design, process super- 
vision, development, trouble shooting, six 
years’ coptractor, five years’ catalytic proc- 
ess liceusor. Desire technical sales or en- 
gineering position Metropolitan New York. 
Box 10-25 


CHEMICAL ENGINEER-—Seventeen years’ di- 
versified experience in plant design. develop- 
ment, plant start-up and operation in 
petrochemical industry. Desire management 


lo- 
cation preferred. Minimum salary $15,000. 


CHEMICAL ENGINEER—B.Ch.E.. 1958. Uni- 
versity of Massachusetts. Family, veteran. 
age 28. Desire position in process develop- 
ment, pilot plant or production. New Eng- 
land or Metropolitan area preferred. Pres- 
ently engaged as insurance inspector (chem- 
ical plants). Box 10-27 


CHEMICAL ENGINEER—B.ChE., 1944. Fif- 
teen years’ experience with engineering con- 
struction, and process equipment fabricators 
for the chemical and petroleum industries. 
Desire responsible position as process or 
Project engineer. Box 10-28 


CHEMICAL ENGINEER-—-MS.. 1950. age 31. 
married. Nine years’ experience mainiy 
Process design petroleum refining, petro- 
chemicals. Prefer r bl iti mt 
ess design or project evaluation, N. Y. C. 
Metropolitan area. Consider Middle Atlantic 
or New England states. Box 10-29 


CHEMICAL ENGINEER—33. BS.ChE. P.E.. 
xperience all phases 


Foreign. Box 10-30 


CHEMICAL ENGINEER—receiving MBA. de- 
gree January 1960. Pive years’ diverse ex- 
in start-up, procedure writing. 


sized growing company where versatility is 
important. Box 10-31 


TRAVELING OVERSEAS—Graduate chemical 
experien: 


Executive caliber. Exceptional record both 
trouble-shocting and long-range planning 
and development. Seek position with better 
growth potential. Box 10-33 


PROCESS ENGINEER—Eighteen years’ ex- 
Perience in process design. economic analy- 
sis, long-range planning, process develop- 
ment, and initial operation of petrochemica! 
plants and oil refineries. Responsible charge 
of projects for engineering contractors and 
supervisory experience over plant engineer- 
ing department for a. De- 


sire r engi 
contractor or operating company. Box 10-34 


(continued on page 186) 
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An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
econemists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


ORO’s professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 

” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe” benefits 
offered are ahead of those given by many companies. 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo- 
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARCH OFFICE 


The Johns Hopkins University 


6935 ARLINGTON ROAD 
BETHESDA 14, MARYLAND 
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| 

design and construction. Economic studies, 
Proposals, process design. project supervi- 
sion and start-up. Desire responsible posi- 
plar assistance and : tion supervi- 
sion. Desire position with nal) r medium- 
Japan, Southeast Asia. India, Africa, Eu- 
rope. Available for technical surveys, busi- 
ness contacts, sales representation, etc. Box 
10-32 

SENIOR PROCESS ENGINEER — Thirteen 
years’ production supervision, process im- 
provement and design. Department head. 
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CHEMICAL ENGINEERS 


Outstanding career opportunities 
in Petroleum for YOU... 


if you have a B.S. or higher degree and one 
to five years of experience in development, 
pilot plant operation, process design, 
process trouble shooting, refinery process 
engineering, economic studies or related 
work activities. Age range... 22-32. 


Choice positions open in Cleveland, Toledo and Lima, Ohio 


WRITE TODAY! 


Send detailed resume of your 
education, experience and personal 


data to: 


There’s a bright future waiting for 
the right men with 


THE STANDARD OIL COMPANY (onto) 


SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEER—B.Ch.E., 1952. Age 29, 
Seven years’ experience in production super- 
vision, process engineering, and process de- 
velopment. Ambitious, proven record. Seek 
challenging position in manufacturing. Type 
of man that you need in a key position. Pre- 
fer 100 mile radius of N. ¥.C. Box 10-35 


CHEMICAL ENGINEER — Age 33. BS., MS. 
Ten years’ experience vegetable oil. petrole- 
um, electronics, and explosive industries. Ex- 
perienced as senior process engineer and 
senior supervisor. Dc sire position as project 
manager. superintendent or management as- 
sistant. Box 10-36 


CHEMICAL ENGINEER—Twenty-three years’ 
experience in production-management, sales 
of heavy chemicals, especially sulfuric acid- 
fertilizers and phosphates. Desire to relocate 
in same or similar type of work. Box 10-37 


CHEMICAL ENGINEER — Ph.D. Experience in 
fuels development, teaching and research. 
Looking for challenging posit‘on with re- 
spon.ibility ‘mn engineering research and 
Process development. Box 10- 


LOOKING FOR SIGNIFICANT RESPONSIBIL- 
'T¥—Chemical Engineer with leadership 
potential and firm technical backsround 
seeking position in engineering management. 
Now senior project engineer, twelve years’ 
experience with oroad process background, 
Patents. three degrees. Box 10-39. 


CHEMICAL ENGINEERING 
TEACHING POSITIONS 
AVAILABLE 


A list of chemical engineering teach- 
ing positions in schools and universi- 
ties in the United States and Canada 
on Oct. 15, 1959 may be obtained from 
the Secretary, A.L.Ch.E.. 25 West 45th 
Street, New York. Salary data and rank 
of position are given. 


Classified ... 
EQUIPMENT SECTION 


$3,000,000 LIQUIDATION 
POLYCHEMICAL PLANT—Orange, Texas. 
Type 316 staimiess steel reactors, tanks. 
heat exchangers, columns, pumps, crystal- 


lisers, etc. 
Serd For List 
PERRY EQUIPMENT CORP. 
1427 N. 6th St. Phila. 22, Pa 
POpiar 3-3505 


| 
| 
| 
Bare = | 
| 
| 
SS 
| 


| 


| 
! 


CLASSIFIED SECTION RATES 


Advertisements in the Classified Section are 
payable in advance at 24c a word, with s 
minimum of four lines . Box num- 
ber counts as two words. isements 
average about six words a line. Members of 
the American Institute of Chemica! Engi 
in good standing are ailowed twe six-line 
Situation Wanted insertions (about 36 words 
each), free of charge s year. Members may 
enter more than two insertions at half rates. 


stances where secrecy must be maintained 
the box number. Classified 


Progress, 

45th Street. New York 36, N. Y. 
COlumbus 5-7330. Advertisements for 
should be in the editorial offices 

15th of the month preceding publication. 


| cremicat Proaress§ | 
| 25 West 45th Street | 
| Gentlemen: I am enclosing my cneck | 
| (money order) for $........-..... Please | 
CORE binders @ $3.75 each 

| tor the following rears (add 3% sales tax | 
j delivery in New York City): ........ 
| Address: | 
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SITUATIONS WANTED 
Cleveland 15, Ohio 
: the Classified Section generally agree that all 
| @® matter of courtesy but recognize circum- 
West 
= 
this 
the 
| 
Effective July 1, 1959. Members of the 
American Institute of Chemical Engineers 
in good standing are allowed TWO sizline : > 
Situation Wented insertions (about 36 
words) free of charge per year. aa == 
ADVANCE INFORMATION Wi 
The Situations Wanted portion of this | 
Classified Section is preprinted and mailed = 
® few days in advance of publication, to . | 
a me Employment Directors. Send names of in- ' 
dividuals who should be on mailing list to: 
BIND YOUR C.E.P. IN THE 
- NEW, STURDIER BINDER 
‘ 
ADDITIONAL RECRUITMENT — — — — — — — — — — — — — — — — — 
ADVERTISEMENTS 
page 145. ; 
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New York 
8 West 40th St. 


These items are listings of the Engineering 
Secieties Personne! Service, Inc. This Service, 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


Chicago 
29 East Madison St. 


San Francisco 
57 Post St. 


which cooperates with the national! of 
Chemical, Civil, Electrical, Mechanical, Mining, 
Metallurgical and Petroleum Engineers, is avail- 
able te all engi mb and 

bers, and is operated on a @ besis. 
yeu are interested in any of these listings, and 
Gre not registered, you moy apply by letter or 
resume ond mail te the office nearest your 
place of residence, with the understanding that 
shovid you secure o position as a result of 


A weekly bulletin of engineering positions open is avai'able at a subscription 
rate of $3.50 per quarter or $12 per annum for members, $4.50 per quarter 
or $14 per annum for non-members, payable in advance. 


by our office, after licati 
In sending applications be sure to list the key 
and job number 


Positions Available 
New York Office 


MANAGER, Production Engineering, 35-55. 
B.S. or MS. in chemical hanical, civil or 
industrial engineering, for administration of 
production engineering, and coordination of 
this function with all other phases of manu- 
facturing, sales engineering and accounting. 
Must have growth potential. Should be ex- 
perienced in production engineering adminis- 
tration. production control, methods engineer- 
ing, manufacturing engineering and tool room 
administration, as well as cost accounting. 
Salary, $10,000-$12,000 «a year. tion, 
Metropolitan New Jersey. W-7978(a). 


PRODUCT DEVELOPMENT ENGINEER, B.S. 
in chemical, slectrical engineering, or chem- 
istry. with three to eight years’ experience in 
coated electrical insulation field. to carry out 
analytical, research and development assign- 
ments, relatively broad in nature. Salary. 
$8000-$10,000 a year. Company pays place- 
— fees. Location, central New Jersey. W- 

(a). 


CHEMICAL PROCESSING ENGINEER with 
five yeers’ experience in the process depart- 
ment of an engineering contractor or oil com- 
pany engineering department, designing or 
evaluating fired heaters. Additional experience 
designing or preparing quotations on fired 
heaters useful. Salary, about $10.000 a year. 
Co y will te fee. Location, Penn- 
sylvania. W-7953 


DESIGNERS’ chemical. civil, mechanical or 
electrical engineering graduates, with experi- 
ence in the design of industrial “lants and 
process facilities for engineering and con- 
tracting organization. Salaries open. Location, 
northern Ohio. W-7950. 


FIELD ENGINEER, chemical, mechanical or 
electrical engineering graduate. young, with 
process plant engineering experience. to ana- 
lyze equipment operations and process, pre- 
Pare reports, make cost surveys and recom- 
mend improvements in process, equipment. 
power or product quality. Traveling and re- 
location. Salary open. Headquarters, East. W- 


ASSISTANT DEVELOPMENT ENGINEER, 
graduate im chemical or mechanical engineer- 
ing or chemistry, with a minimum of two 
years’ experience in product development and 
follow-through of production. Experience does 
not necessarily have to be in plestics. Will 
work on deve'opment or prototype products 
and processes of corrosion resistant plastic 
Piping and accessories. Salary. to start. 
$6300-$7300 a year. Location, Newark, N. J. 
area. W-7927. 


PRINCIPAL PROCESS ENGINEER, chemica) 
engineering graduate, with at Icast 10 years’ 
process and evaluation experience in heavy 
and fine chemical fields. Salary, $15.000 a 
year. Location. New York, N. Y. W-7903. 


INSTRUMENTATION ENGINEER, chemic:! 
or mechanrca! engineering graduate, with ex- 


perience in the design and specifications of 
complete control systems for chemical and 
process plants. Systems are mainly pneumatic. 
Electronic controls experience desirable but 
not necessary. Salary. $8000-$12.000 a year. 
Location, eastern Pennsylvania. W-7894. 


SALES TRAINEE, B.S. in either chemical or 
mechanical encineering or chemistry: sales 
experience in related chemical process equip- 
ment desirable. Training program, with relo- 
cation required when assigned to field sales 
territory. Salary commensurate with qualifica- 
tions. Headquarters, upstate New York. W- 


CHIEF CHEMIST, B.S. in chemistry or chem- 
feal engineering, with at least 10 years’ labo- 
ratory supervision covering organic synthesis. 
dyes and intermediates. Salary, $12.000-$15,000 
® year. Location, New England. W-7878. 


RESIDENT PLANT ENGINEER, chemical or 
mechanical engineering graduate, with three 
to five years’ experience in design engineer- 
ing, to head engineering maintenance func- 
tions in medium sized chemical research labo- 
ratory. Will also supervise small drafting 
group and assist in desicn and cost esti- 


equipment. Saiary, $6500-$8500 
tion, suburban New Jersey. W-7833. 


ASSISTANT PAPER LABORATORY SUPER- 
VISOR, 25-35. degree in chemical engineering. 
with two to five years’ laboratory experience. 
to direct and supervise shift technicians, su- 
Pervise process testing. contro! of fiber wastes. 
ete. Salary. ® year. Location, New 
Jersey. W-7793(a). 


CHEMICAL ENGINEER, 24-29, B.S. or MS. 
in chemical engineering, with one to three 
years’ experience in staff or supervisory plant 
or laboratory function. Must have a strong 
process control and instrumentation back- 
ground; process involves polymer chemistry 
and utilizes a resin bonding concept. Will 
Perform plant duties in developing new for- 
mulation and processing procedures and im- 
Proving present procedures. Salary. $650°- 
$7200 a year. Location, Southwest. W-7777(a). 


DISTRICT REPRESENTATIVE, craduate en- 
gineer, either in chemical. mining or minerals 
beneficiation, with practical ex~erience in the 
sand and gravel or alied industries. Will 
work throvgh distributors in the application 
and sale of aggregate equipment. Salary good. 
plus incentive on seles made fn territory. Ter- 
ritory, Atlantic States. W-7617. 


PROJECT ENGINEER, chemical or h 
ical graduate, with five to ten years’ experi- 
ence in chemical plant design and construc- 
t‘on. Must have previous'y worked as project 
engineer. Selary, to $13,000 a year. Location. 
New York, N. Y. W-7536. 


San Francisco Office 


PROCESS METHODS ENGINEER, Tronics 
Components, graduate chemical or electrical 
engineer, or physicist, with experience in de- 
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veloping improvement and control production 

and able to develop statements or 
production methods and process from research 
and development data. Experience preferably 
in tronic component field but not essential. 
Company manufactures precision, close tol- 
erance, tronic component involving machine 
shop work, welding, forming, etc. Relocation 
cost and placement fee paid. Salary, $500- 
$850 a month. Location, San Francisco Penin- 
sula. S(P)-4587. 


CORROSION ENGINEER, Water Systems, 
chemical or mechanial graduate, Registered 
preferred, 30-40; qualified by experience to 
provide technical experience to clients relat- 
ing to sales, application and usage of chemi- 
cals and equipment to inhibit corrosion in 
water systems and supplies in buildings. insti- 
tutions or industries; for well established 
service representative. Primarily sales eng!- 
neering work. Car required. Salary, $700 « 
month plus $75 a month for car. Location, 
San Francisco Peninsula. S(P)-4500. 


SALES TRAINEE, Export firm, chemica! or 
mechanical graduate, 25-30, interested in 
sales in process equipment and basic machin- 
ery div‘sion of export firm. Should have some 
information regarding process plant tppe of 
equipment. Salary $500 a month base. plus 
bonus and profit sharing. Location, San Fran- 
cisco. S(P)-4661. 


SALES ENGINEER, Industrial, Chemica! 
Equipment, 25-45. with sales experience in 
water, industrial treatment equipment and 
chemicals to industrial users, for manufac- 
turer and distributer. Salary, $450-$600 « 
month plus incentive and expenses in devel- 
oped territory. $10,000 potential. Headquarters, 
San Francisco Peninsula; work in Alameds 
County. S(P)-4673. 


RESEARCH ENGINEER, Metaliurey. M.S. in 
chemical or metallurgical engineering or chem- 
istry (not mining) or B.S. with exceptionally 
strong research experience; under 40. Must be 
interested in applying knowledge to solution 
of industrial problems rather than to funde- 
mental research. Department conducts re- 
search and development on new processes and 
major process improvements in fields of min- 
eral benefication. hydro-metallurgy and pyro- 
meta'lurgy. Salary commensurate with train- 
ing and experience; liberal fringe benefits. Lo- 
cation, West. S(P)-4645R. 


PRODUCTION CONTROL ENGINEER, Ce- 
ramics, chemical engineer or chemist, young 
Oriented toward production and quality con- 
trol; in highly mechanized refractory manu- 
facturing company including raw materials. 
materials in process and finished product con- 
trolling. Salary, about $6000 a year. Location, 
San Francisco East Bay. S(P)-4636. 


JUNIOR CHEMICAL ENGINEER, Refinery. 
graduate chemical, young, one or two years 
out of school. to enter into all-around en- 
gineering training program at level appropriate 
to experience; enter manufacturing department 
at refinery and actively participate in inte- 
grated program involving laboratory. process 
and operating departments; leads to staff. 
operation or process assignment located in San 
Prancisco Bay area or Los Angeles area. Sal- 
ary commensurate, with credit for experience. 
Pacific or Mountain States residents only. 
S(P)-4634R. 


SALES ENGINEER, Chemical. Food Process 
Equipment, chemical graduate preferred, to 
40. experienced in contacting engineering 
companies and users to provide technical in- 
formation and sell major items of equipment 
and machinery for chemical and food indus- 
tries (evaporators. sprayers. dryers, pulver- 
izers and dust collectors, pumps, belt-scales, 
centrifugals, screens. ice cream packagers), 
for manufacturer's agent. Car required. Local 
men only. Salary. $500-$700 a month, plus 

‘ble bonus. Location, northern California. 
S(P)-4616 


SALES ENG R, Instr tation, chemi- 
eal, electricai or mechanical graduate, 27-35, 
with three to five years’ experience in instru- 
mentation (engineering. sales or industria! 
process plant). Preferably with some sales ex- 
perience. Will train three months in eastern 
factory. Must pass aptitude test. Salary de- 
pends on experience and test rating. Sell to 
O.E.M. and industrial users a full line of in- 
struments (electric. tronic, pneumatic or me- 
chanical) for recording. contro] or actuators 
on temperature, pressure low. For manufac- 
turer’s branch office. Salary, $500 a month 
up, depending on experience. Local men only. 
Location, San Francisco East Bay. S(P)-4341. 


SALES, Instruments, electricel, chemical or 
mechanical, to 30, with two years’ experience 
after graduation to sell instruments (record- 
ing actuating. direct reading) for tempera- 
ture, pressure flow, to industrial, educationa! 
or laboratory users; also to handle digita! 
computer contacts. For manufacturer's dis- 
trict sales office. Salary, $122 a week up, plus 
car allowance and expenses. Location, San 

P)-4608R. 
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ment fee of 5% of the first year’s salary if « 
non-member, or 4% if a member. Also, thet 
you will agree to sign our placement fee agree- 
ment which will be mailed te you immediately, 
When moking application for a position in- 
clude eight cents in stamps for forwarding 
application to the employer and for returning 
mat processing 


for special jobs 
by JET-VAC 


This 5-stage Jet-Vac ejector is one of the 
largest ever built. It has to be — for its 
job is to power a high vacuum wind 
tunnel at a leading university, where 
rocket models are tested under conditions 
met at high altitudes and supersonic 
speeds. Its capacity: 75,000 cfm at 
100 microns, 


WHAT'S YOUR EJECTOR PROBLEM? 
Write today for our free fact- 
packed folder, with full infor- 
mation on our many services. 


ET-VAC 


THE JET-VAC CORPORATION 
400 Border St., E. Boston, Mass., LOgan 7-2200 
A MEMBER OF ARTISAN INDUSTRIES 


For more information, circle No. 26 


A metallurgical research center to 

of high tem 
and missiles, atomic power generators, 
and other advanced design hardware, 
will be built at Du Pont’s Baltimore 
plant. Initially, the new unit will 
concentrate on large scale testing of 
titanium metal, and pure niobium 
metal and niobium alloys. 


A European sales office just opened 
by B. F. Goodrich Chemical is located 
in The Hague, Holland. In addition 
to serving as the European sales head- 
quarters for plastic materials, special 
purpose rubber and general chemicals, 
the Holland office will also supply 
technical service information. 


The first ferrous sulfate decomposition 
plant in the United Kingdom just went 
on stream at the Grimsby Works of 
British Titan Products Co. Ltd. At the 
plant, which produces SO, gas for sul- 
furic acid manufacture, the by-product 
ferrous sulfate is decomposed with 
coal in fluidized bed roasters. The 
product SO, gas is converted to SO 
for sulfuric *acid production in one of 
the existing converters. iron is re- 
covered as a relatively pure mixture of 
iron oxides usable by the steel indus- 
try. Chemical Construction (G.B.) Ltd. 
(Chemico) designed and built the plant, 
using Dorr Oliver Fluo Solid Reactors. 


Increased interest in methacrylate 
based products has brought about a 
40 percent expansion in methyl meth- 
acrylate monomer at Du- 
pont. The Belle, West Va. plant addi- 
tion, when complete, will be also used 
to support markets for Lucite 147 
and Lucite acrylic sirup. 

An experimental sea water distillation 
plant, capacity 100,000 gallons a q 
now being erected by Southern re 
fornia Edison, will be located next to 
the company’s Mandalay Beach Steam 
Station near Oxnard, California. The 
research and development unit will 
work on the problem of producing 
potable water commercially, com aay iad 
itive to that in areas of higher t 
average water cost. Design and fabri- 
cation is by Cleaver-Brooks. 


HAVE YOU TRIED 


Thoroughly proved 
HEAT TRANSFER MEDIUM 
now effecting savings up to 
90% for over 1,000 users! 


HEAT TRANSFER DATA 


gFULL JACKETING 
THERMONIZED 
ACING 


Thermon is a non-metallic adhesive 

properties, and is easily 

over ether seam 
ical resistance 

working equally weil for ether heat 


ing or cooling processes. 


Thermonizing has excellent heat trans- 


ing steam 0%, and 
approaching 

Thermon can be ~~ 4 with- 
out exception in place of expensive 
jacketing (and in many a 


where jacketing is impossible), with 
savings up to 90%. 


Write for the new Thermon 
Engineering Data Book 502. 


THERMON 
MANUFACTURING CO. 


1017 Rosine + P. ©. Box 1961 
Houston, Texas 


For more information, circle No. 82 
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Steam Jet Vacuum Ejectors Steam Jet Thermo-Syphons | 
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Process Jets + Mixing Jets + Draft inducers + Vacuum 
Venturi Desuper Heaters » Fume Scrubbers. 
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News and Notes 
of A.I.Ch.E. 


order of $2,500,000 more than we 


Get out the vote—Election ballots list- 
ing the candidates shown on pages 
114 and 115 of the August issue* will 
be sent to all Members and Associate 
Members of the A.I.Ch.E. As we did 
last year, we are using an IBM card 
as the ballot, and we hope that mem- 
bers will exercise care in not mutilat- 
ing the card, so that it will easily 
pass through the tabulating ma- 
chinery. The Tellers’ Committee will 
be composed of R. J. Bechtel, J. W. 
Colton, Brian Dallas, J. D. Stett, and 
J. F. Skelly. 

Ground breaking—As this is being 
written, the five Founder Societies are 
making plans for Herbert Hoover to 
turn over the first spadeful of earth 
in the excavation for the new United 
Engineering Center. This will occur 
on October first. Occu of the 
new building is porn to take place 
in July of 1961—provided, of course, 
that the money is there. As readers of 
this column know, the A.1-Ch.E. has 
reached its quota and will this fall 
announce a campaign to augment this 
amount through reconstituted drives 
in the Local Sections that have not 
reached their quotas, plus efforts to 
reach members who have not given 
and new members added since the 
campaign began. As far as financing 
is concerned, the total Member-Giving 
Campaign has obtained $2,616,000 
out of the goal of $3,000,000. The 
Industry Campaign has reached $4,- 
300,000 out of a goal of $5,000,000. 


These, plus additional money from 
Greater New York, bring the total 
subscriptions to date to $7,170,000. 


What will the building cost? The 
building cost will be approximately 
$8,000,000; the land, services, and 
fees will add about another $3,500,- 


000; and so the total to be spent on 
the new building will be roughly $11,- 
500,000. When the sale of the present 
building is realized and the amortiza- 
tion funds of U.E.T. are included, 
needed funding should be on the 

* As this goes to press, another nominee 
for Director has been added to the ballot. 
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have at t. The leaders in the 
United Engineering Trustees, confi- 
dent that it will be ible to raise 
this amount, have given the go-ahead 


sign for the construction of this new 


home. Congratulations are again ex- 
tended to the members have 
pitched in to make it a reality. 

New Chairman — Irv 


Leibson, who has been Matt Jones's 
lieutenant for the Southern Division, 
was appointed Chairman of the Na- 
tional Membership Committee by the 
Executive Committee last month. 
Matt Jones, who has done a fine job 
his duties when he was transfe 
by Monsanto to become Plint Mana- 
ger at their Port Plastics Plant in 
Addyston, Ohio. 
The membership race between the 
North and South finds General Sam 
West of the Northern Division way 
out in front. All indications are that 
the sections will have a very strong 
closing drive for this year to send the 
new membership total ehead of last 
year. Every member of A.LChE. 
ought to cooperate with the local 
A.LChE. membership chairman; a 
little aid and encouragement is a 
wonderful thing for these men who 
month after month present the case 
of membership in the professional 
society to chemical engineers who 
have not yet joined. 
Local Section activities—The Local 
Sections have had an extremely fine 
year, and from all indications the 
coming season will be just as active 
and just as important. Bill Johnston 
of the Indi lis Section wrote me 
about the activities during the past 
year and noted that despite the loss 
of an operating unit within their 
territory which took out a number of 
chemical engineers, membership ac- 
tivity continued and the group in- 
creased its membership by 50 per 
cent. Indianapolis is a small section 
of recent admission, but it has inaug- 
urated a program of guidance to high 
school students and presented to them 
a forum on chemical engineering. 
George Gibbs, Chairman of the 
South Texas Section of A.LCh.E., 
wrote me a pleasant note that in- 
cluded a fine idea. He asked for ten 
copies of the booklet on professional 


standards and su ed that we 
mention the booklet in the News & 
Notes columns once a year. It is the 
best statement of the professional 
responsibilities of engineers and the 
responsibilities of employers of en- 
gineers that I have ever seen. The 
work of an Institute committee, the 
pamphlet has been reprinted several 
times; up to now we have distributed 
well over 30,000 copies. Any Local 
Section chairman or any member who 
wishes a copy need only drop us a 
card. It is, 1 repeat, an important 
document that spells out clearly the 
responsibilities of chemical engineers. 

The Savannah River Section, which 
is under the direction of D. S. Web- 
ster, has issued an inexpensive but 
nonetheless important directory of the 
section, which covers the history of 
the section and discusses its activities; 
for instance, the members conducted 
a science fair for teachers and stu- 
dents in grade and high schools in 
eight counties of South Carolina and 


ten counties in Georgia and also pre- 
sented slide rules and drawing sets to 
the best science and mathematics stu- 
dents in the local high school. This 
is a vital program, of which chemical 
engineers may well be d. 

The South ‘Texas Section also 
turned out a bound directory, and 
the Chicago Section turns out an An- 
nual Report which includes reports 
from each one of its committees. 


New dues bills—This year the IBM 
system will really be put into opera- 
tion for bookkeeping purposes. Under 
the direction of the Manager of the 
IBM Department, Brian Dallas, we 

to bill members at the same 
time for A.I.Ch.E. dues, for divisional 
dues, for the A.l.Ch.E. Journal, etc. 
To this end we are starting a new 
system of membership numbers, which 
will refer not to the length of time 
a man has been a member but to 
bookkeeping ures and which 
will enable us to bill and to credit 
payments more accurately. F.J.V.A. 
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LT/D 
Since 1952 approximately 


% 


of the world’s capacity | ™ 


for sulfur recovery ‘as 
from H2S gas is by 
e 
4843 
PARSONSE 00 
Proof Positive of Parsons’ Performance! 
YEAR 1952 1953 1954 1955 1956 1957 
PERCENTAGE OF TOTAL CAPACITY 


30 40 50 60 


JPARSONS 
ENGINEERS CONSTRUCTORS Dacca. 


LOS ANGELES new 


For more information, turn to Data Service card, circle No. 37 


— \ 
10 20 70 80 90 
OTHERS ( a” 
LACQ, FRANCE: First of six units by Parsons-Heurtey is now on stream in world’s largest sulfur recovery plant. 
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The best heat-transfer surface for a 
mixing vessel lies hidden in a jungle 
of variables. 

An equation developed by Mrxco 
helps to guide investigators through 
this thorny thicket. 

This equation correlates heating 
and cooling data for helical coils in a 
baffled mixing vessel with a flat-blade 
turbine. If the thermal characteristics 
of a fluid are known, the heat transfer 
coefficient can be easily calculated. 

The correlation takes into account 
variable impeller speed, size, power 
input, tube diameter, 
and tube spacing. It’s applicable to 
any tank size, to fluid viscosities from 
0.4 to 20,000 centipoises, and to a 
Reynolds-number range of 10 to 
1,500,000, 

Among other useful indications, 
this heat-transfer correlation shows 
that you get best values of h with 
im lier ow as large as practicable, 
and with tube diameter small as prac- 
ticable. It helps to settle the problem 
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of where to locate baffles. It throws 
new light on the relative efficiencies 
of helical coils and vertical tubes for 
heating or cooling. 

To pin down accurate values of h in 
this investigation, some elaborate 
methods were employed. Thermo- 
couples embedded in the tube wall 
made possible direct measurement of 
temperatures across the fluid film. 
Continuous recording of tempera- 
tures in more than 20 carefully 
selected positions in the tank gave a 
valid calculation of average system 
temperatures. Duplicate runs, under 
steady-state and unsteady-state con- 
ditions, produced excellent agree- 
ment in results. 

This is just one example of the 
lengths to which Mrxco research is 
es ared to go to help you process 

ids efficiently. If you'd like a reprint 
of a four-page article describing this 
heat-transfer correlation, you can get 
it by writing to our Research Depart- 
ment, 


Typical equipment setup for gathering heat- 
ing and cooling data in coil-equipped vessel. 


MIXING EQUIPMENT Co., Inc., 199-k Mt. Read Bivd., Rochester 3,.N. Y. 


In Canada: Greey Mixing Equipment, Lid., 100 Miranda Ave., Toronto 19, Ont. 


For more information, turn te Data Service card, circle No. 33 


| h 
: 
— 
| > 


